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AGENCY:  Federal  Energy  Administra¬ 
tion. 

ACTION:  Proposed  rule. 

SUMMARY:  The  Federal  Energy  Ad¬ 
ministration  hereby  proposes  to  amend 
its  regulations  in  order  to  prescribe  test 
procedures  for  vented  home  heating 
equipment  under  the  Energy  Policy  and 
Conservation  Act.  The  Act  requires  that 
standard  methods  for  testing  vented 
home  heating  equipment  a  class  within 
the  type  “hcrnie  heating  equipment  not 
including  furnaces,”  be  prescribed  as 
part  of  the  energy  conservation  program 
for  appliances.  The  intended  effect  of 
this  proposal  is  to  implement  the  Act’s 
requirements  for  the  solicitation  of  pub¬ 
lic  comments  before  the  test  procedures 
are  prescribed.  The  Federal  Energy  Ad¬ 
ministration  is  hereby  also  scheduling 
a  further  public  hearing  on  the  proposed 
energy  efficiency  improvement  target  for 
home  heating  equipment,  not  including 
furnaces. 

DATES:  Comments  by  October  25,  1977, 
4:30  pjn.;  requests  to  speak  by  Octo¬ 
ber  21,  1977,  4:30  p.m.;  statements  by 
November  1,  1977,  4:30  p.m.:  hearing  for 
proposed  test  procedures  to  be  held  on 
November  2,  1977,  at  9:30  a.m.,  and  for 
proposed  energy  efficiency  improvement 
target  on  November  2,  1977,  at  1:30  p.m. 

ADDRESSES:  Requests  to  speak  at  the 
hearings  to:  Executive  Commxmications, 
Room  3317,  Federal  Energy  Administra¬ 
tion,  Box  OQ  (for  the  proposed  test  pro¬ 
cedures)  or  Box  NU  (for  the  proposed 
target),  Washington,  D.C.  20461.  Oral 
Statements  to:  Regulations  Manage¬ 
ment,  Room  2214,  Federal  Energy  Ad¬ 
ministration,  2000  M  Street  NW.,  Wash¬ 
ington,  D.C.  20461. 

HEARINGS  HELD  AT:  Federal  Energy 
Administration,  Room  2105,  2000  M 
Street  NW.,  Washington,  D.C.  20461. 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

James  A.  Smith  (Program  Office) ,  Old 
Post  Office  Building,  Room  307,  12th 
and  Pennsylvania  Avenue  NW.,  Wash¬ 
ington,  D.C.  20461  (202-566-4635) . 
Robert  C.  Gilette  (Hearing  Proce¬ 
dures),  2000  M  Street  NW.,  Room 
222A,  Washington,  D.C.  20461  (202- 
566-5201). 

Jim  Mema  (Media  Relations),  12th 
and  Pennsylvania  Avenue  NW.,  Room 
3104,  Washington,  D.C.  20461  (202- 
566-9833). 

Laurence  J.  Hyman  (Office  of  the  Gen¬ 
eral  Counsel),  12th  and  Pennsylvania 
Avenue  NW.,  Room  7146,  Washington, 
D.C.  20461  (202-566-9750). 


SUPPLEMENTARY  INFORMATION: 

A.  Background. 

The  Federal  Energy  Administration 
(FEA)  proposes  to  amend  Chapter  n 
of  title  10,  Code  of  Federal  Regulations, 
in  order  to  prescribe  test  procedures  for 
vented  home  heating  equipment,  a  class 
within  the  product  type  “home  heating 
equipment,  not  including  furnaces,”  pur¬ 
suant  to  section  323  (42  U.S.C.  6293)  of 
the  Energy  Policy  and  Conservation  Act 
(Act)  (Pub.  L.  94-163).  The  adoption  of 
test  procedures  does  not  mean  that  ac¬ 
tual  testing  must  be  conducted.  The  pro¬ 
cedures  merely  establish  standard  meth¬ 
ods  for  testing  when  testing  is  otherwise 
required  by  the  Act  itself  or  by  regula¬ 
tions  implementing  other  parts  of  the 
program.  For  example,  the  Federal 
Trade  Commission  (FTC)  may  require 
that  all  or  part  of  the  test  procedure  be 
conducted  in  exercising  its  appliance  en¬ 
ergy  efficiency  labeling  authority  regard¬ 
ing  a  particular  appliance  type. 

By  notice  issued  May  10,  1976  (41  FR 
19977,  May  14,  1976),  FEA  proposed  to 
establish  Part  430,  entitled  "Energy  Con¬ 
servation  Program  for  Appliances,”  in 
Chapter  n  of  Title  10  of  the  Code  of 
Federal  Regtxlations.  That  notice  pro¬ 
posed  a  Subpyart  A  to  Part  430,  contain¬ 
ing  general  program  provisions,  and  a 
Subpart  C,  containing  proposed  energy 
efficiency  improvement  targets.  By  notice 
issued  July  22.  1976  (41  PR  31237.  July 
27,  1976) ,  FEA  proposed  an  amendment 
to  proposed  Part  430  to  add  a  Subpart  B 
which  would  contain  the  appliance  test 
procedures  required  to  be  prescribed  by 
section  323  of  the  Act.  Subparts  A  and  B 
were  established  by  notice  issued  on  May 
24,  1977  (42  FR  36648,  July  15.  1977) 
withdrawing  the  original  pr(«)osal  of 
Subpart  C  and  reproposing  a  new  Sub¬ 
part  C  containing  proposed  energy  effi¬ 
ciency  improvement  targets  for  the  prod¬ 
ucts  listed  in  1-10  of  section  322(a)  of 
the  Act.  Energy  efficiency  improvement 
targets  for  the  products  listed  in  11  and 
12  of  section  322(a)  were  proposed  by 
separate  notice  (42  FR  40701,  August  11, 
1977). 

Proposed  test  procedures  for  each 
product  listed  in  1-10  of  section  322(a) 
of  the  Act  were  publi^ed  prior  to  the 
hearing  on  the  proposed  energy  efficiency 
improvement  target  for  each  product 
with  the  exception  of  vented  home  heat¬ 
ing  equipment.  Because  FEA  believes  that 
reference  to  proposed  test  procedures 
can  facilitate  public  comment  on  the 
proposed  targets,  FEA  has,  by  recent 
Federal  Register  notice  (42  FR  42361, 
August  23,  1977) ,  extended  the  deadline 
for  written  comment  on  the  improvement 
target  for  hcMne  heating  equipment  (not 
including  furnaces)  to  October  25,  1977 
and  has  announced  the  holding  of  an  ad¬ 
ditional  hearing.  This  hearing,  to  be  held 
at  the  time  and  place  specified  above, 
supplements  ttie  hearing  on  the  hmne 
heating  equipment  (not  including  fur¬ 
naces)  improvement  target  held  on  Au¬ 
gust  19,  1977. 

The  notice  issued  on  May  24,  1977  in¬ 
cluded  final  test  procedures  for  room  air 
conditioners.  By  notice  issued  March  17, 


1977  (42  PR  15423,  March  22,  1977)  FEA 
proposed  test  procedures  for  dishwash¬ 
ers.  This  notice  also  included  certain 
program  definitions  which  have  not  yet 
been  finalized.  Proposed  test  procedures 
for  water  heaters,  television  receivers, 
refrigerators  and  refrigerator-freezers, 
freezers  and  clothes  dryers  were  issued 
on  April  21,  1977  (42  FR  21576  et  seq., 
April  27, 1977) ,  Proposed  test  procedures 
for  unvented  home  heating  equipment 
were  issued  on  May  4, 1977  (42  ^  23860, 
May  11,  1977),  and  proposed  test  proce¬ 
dures  for  automatic  and  semi-aut(»natic 
clothes  washers  were  issued  on  May  11, 
1977  (42  PR  25329,  May  17. 1977) ,  includ¬ 
ing  a  determination  that  test  procedures 
cannot  be  developed  for  any  other  class 
of  clothes  washers.  Prop>osed  test  proce¬ 
dures  for  humidifiers  and  dehumidifiers 
were  issued  on  May  25, 1977  (42  PR  27941, 
et  seq.,  Jime  1, 1977) .  Proposed  test  pro¬ 
cedures  for  central  air  conditioners  were 
issued  on  June  7, 1977  (42  PR  30401,  June 
14,  1977) ,  and  were  followed  by  proposed 
test  procedures  for  conventional  ranges, 
co(*ing  tops  and  ovens,  as  well  as  micro- 
wave  ovens,  which  were  issued  on  June 
9,  1977  (42  PR  30627,  June  16.  1977) .  The 
latter  notice  included  a  determination  to 
delay  the  publication  of  test  procedures 
for  any  other  class  of  the  type  “kitchen 
ranges  and  ovens.”  TTie  proposed  test 
procedures  for  furnaces  were  issued  on 
July  28,  1977  (42  PR  40826,  August  11, 
1977).  By  this  notice,  PEA  is  proposing 
test  procedures  for  vented  home  heating 
equipment. 

Section  323(a)  (2)  of  the  Act  requires 
PEA  to  direct  the  National  Bureau  of 
Standards  (NBS)  to  develop,  for  specifi¬ 
cally  named  types  of  covered  products, 
test  procedures  for  the  determination  of 
the  estimated  annual  operating  costs 
and  at  least  one  other  useful  measure  of 
energy  consumption  which  FEA  deter¬ 
mines  is  likely  to  assist  consumers  in 
msiking  purchasing  decisions.  Pursuant 
to  the  Act,  FEA  directed  NBS  to  develop 
test  procedures  for  FEA’s  use  in  prescrib¬ 
ing  test  procedures  under  the  Act.  As 
part  of  this  undertaking,  NBS  evaluated 
existing  test  procedures  for  measuring 
energy  consiunption  of  vented  home 
heating  equipnnent. 

Current  testing  and  rating  require¬ 
ments  for  vented  home  heating  equip¬ 
ment  are  described  in  a  number  of  stand¬ 
ards,  including:  American  National 
Standards  Institute  (ANSI) '  Z21.48-1976 
for  gas  fueled  gravity  and  fan  type  floor 
furnaces;  ANSI  Z2 1.49-1 975  for  gas 
fueled  gravity  and  fan  type  vented  wall 
furnaces;  Z21. 11. 1-1976  for  gas  fueled 
vented  room  direct  vent  wall  furnaces; 
Underwriters  Laboratory  (UL)  729-1974 
for  oil  fueled  floor  furnaces;  and  UL  730- 
1974  for  oil  fueled  wall  furnaces.  These 
standards  measiu^  the  steady  state  effi¬ 
ciency  of  vented  home  heating  equipment 
but  do  not  account  for  any  p€irt  load  or 
seasonal  performance  effects.  In  order 
to  estimate  the  seasonal  efficiency  and 
annual  operating  cost  of  fossil  fuel 
vented  home  heating  equipment,  it  is 
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necessaxy  to  account  for  the  various 
heating  system  losses  under  cyclic  or 
pert  load  operating  condltlcms  and  fm* 
the  effect  of  combustion  and  draft  con¬ 
trol  air  on  Infiltration.  Hie  test  pro¬ 
cedures  and  calculation  methods  formu¬ 
lated  by  NBS  and  proposed  herein  today, 
account  tor  these  factors. 

Under  the  requirements  of  section  32 
of  the  Federal  Energy  Administration 
Act  of  1974  (15  U.S.C.  761  et.  seq.),  as 
amraded  by  section  9  of  the  Federal  En¬ 
ergy  Administration  Authorization  Act 
of  1977  (Pub.  L.  95-70) ,  the  Administra¬ 
tor  must  name  in  the  notice  of  rule- 
making  any  non-govemmental  organi¬ 
zation  which  promulgated  commercial 
standards  contained  in,  authorized  by,  or 
required  to  be  used  by,  a  proposed  rule. 
Additi(xially,  the  Administrator  must  as¬ 
certain  the  extent  to  which  the  named 
organizatlcoi  Is  structured,  in  member¬ 
ship  and  in  standards-development  pro¬ 
cedures,  to  allow  for  public  p^icipatlon 
and  representation,  and  render  a  de¬ 
termination  as  to  whether  or  not  the 
organizaticm  achieves  the  degree  of  pub¬ 
lic  partlclpaticm  called  for  by  section  32 
(b)  of  the  Act. 

Following  recommendations  made  by 
NBS,  the  FEA  has  Incorporated  com¬ 
mercial  standards  promulgated  by  the 
following  organizations  In  this  pr(HX>sed 
rulemaking:  American  National  Stand¬ 
ards  Institute,  American  Society  for  Test¬ 
ing  and  Materials,  and  Underwriters 
Laboratory.  An  additional  standard, 
American  Wire  Gauge,  which  was  de¬ 
veloped  by  the  now  defimct  Brown  and 
Shaipe  Company,  has  also  been  incor¬ 
porated.  None  of  these  orgaizatlons  had 
memberships,  at  the  time  of  the  pro¬ 
mulgation  of  the  standards,  which  were 
sufSclently  balanced  as  to  allow  effec¬ 
tive  representation  of  all  Interested  per¬ 
sons  within  the  meaning  of  section  32(b) . 
In  this  regard,  the  Administrator  has  de¬ 
termined  that  these  organizations  do  not 
provide  for  the  full  range  of  public  par¬ 
ticipation  that  section  32(b)  sets  forth. 

In  this  rulemaking,  FEA  is  providing 
interested  persmis  an  o];H>ortunity  to 
comment  on  the  appropriateness  of  these 
standards  as  used  in  the  vented  home 
heating  equlixnent  test  procedure.  Com¬ 
ments  are  specifically  requested  on  any 
specific  changes  the  person  commenting 
believes  are  necessary  to  make  the  stand¬ 
ards  appropriate  for  the  purposes  of  test¬ 
ing  vented  home  heating  eqiilpment. 

Today’s  pr(^x>sal  adds  to  §  430.2  a  defi- 
nltl(m  of  “vented  home  heating  equip¬ 
ment”  and  amends  the  definition  in 
9  430.2  of  “Basic  Model”  by  adding  a  sub- 
paragrai^  (15)  applying  specifically  to 
vMited  home  heating  equlixnent.  In 
addition,  9  430.2  contains  definitions  pro¬ 
mulgated  or  proposed  previously  (42  PR 
15423,  March  22. 1977)  some  of  which  are 
applicable  to  the  test  procedures  for 
vented  home  heating  equipment.  Com¬ 
ments  on  these  definitions  are  timely  as 
provided  below. 

B.  Measures  of  Energy  Consumption. 

The  Act  requires  PEA  to  prescribe  test 
procedures  for  the  determination  of  esti¬ 
mated  annual  operating  costs  and  at 
least  one  other  useful  measure  of  energy 


consumption  which  the  Administrator 
determines  is  likely  to  assist  consumes 
in  making  purchasing  decisiims.  The 
estimated  annual  operating  cost  for 
vented  home  heating  equiinnent  in  pro¬ 
posed  9  430.22(0)  is  based  upon  the  aver¬ 
age  annual  energy  consumption  of  the 
vented  h(Hne  heating  equiixnent  and  the 
representative  average  unit  cost  of 
energy. 

NBS  has  developed  a  method  of  cal¬ 
culating  a  typical  annual  cost  of  opera¬ 
tion  for  vented  home  heating  equipment 
which  takes  into  accoimt  the  annual  fuel 
utilization  efficiency,  the  heating  load 
hours,  the  residence  desigm  heat  loss,  the 
auxiliary  electrical  energy  used  by  cir¬ 
culating  air  fan  motors,  powered  burner 
motors,  and  the  pilot  input  rate  if  appli¬ 
cable. 

Also  proposed  in  9  430.22 (o)  are  test 
procedures  regarding  the  estimated  an¬ 
nual  operating  cost  by  geographic  reglcm 
of  the  United  States,  since  energy  con¬ 
sumption  and  annual  operating  cost  of 
vented  home  heating  equipment  are  di¬ 
rectly  related  to  geographic  location. 
Annual  cost  of  operation  by  geographic 
location  may  be  useful  for  consmners  in 
making  purchasing  decisicms  with  re¬ 
spect  to  vented  home  heating  equipment 
in  addition  to  the  single  national  aver¬ 
age  value  applicable  to  any  specific  luiit 
imder  proposed  9  430.22(o) .  Also  pro¬ 
posed  in  §  430.22(0)  are  test  procedures 
for  calculating  annual  operating  costs 
for  several  standardized  design  heating 
requirements  for  each  region  in  order  to 
facilitate  the  comparison  of  operating 
costs  of  different  sizes  of  vent^  home 
heating  equipment. 

The  proposed  test  procedures  for  re¬ 
gional  costs  will  incorporate  a  map  of  the 
continental  United  States  with  regional 
“heating  load  hours”  for  adjusting  the 
representative  average  use  cycle  (typical 
annual  usage)  of  vented  hcxne  heating 
equipment  by  geographic  location.  These 
regional  values  of  “heating  load  hours” 
are  based  on  the  average  niunber  of 
degree  days  and  the  outdoor  design  tem¬ 
perature  for  each  region. 

An  additional  proposed  measure  of 
energy  consiunpti<m  in  9  430.22  (o)  that 
is  likely  to  assist  consumers  in  making 
purchasing  decisions  is  the  fuel  utiliza¬ 
tion  efficiency.  This  efficiency  the  ratio 
of  the  heater’s  annual  output  of  useful 
energy  to  the  annual  fuel  energy  input 
of  the  heater  multiplied  by  100.  The  test 
procedures  are  designed  to  measure  the 
fuel  utilization  efficiency  at  a  part  load 
operating  condition  in  order  to  account 
for  both  on-cycle  energy  losses  and  off- 
cycle  energy  losses.  Both  types  of  losses 
can  be  influenced  by  the  design  charac¬ 
teristics  and  features  of  the  heating 
equipment. 

On-cycle  losses  include: 

(1)  Energy  contained  in  the  combus¬ 
tion  gases  which  are  discharged  outdoors 
through  the  Hue; 

(2)  The  loss  of  heated  room  air  used 
for  cmnbustion  at  the  burner  and  for 
dilution  of  hot  combustion  gases  through 
the  integral  draft  diverter  or  barcxnetric 
draft  regulator. 

Off-cycle  losses  include; 


(1)  The  loss  of  heat  stored  in  the 
metal  of  the  heat  exchanger  when  the 
burner  and  circulating  warm  air  blower 
shuts  off: 

(2)  The  loss  of  heated  rocxn  air  which 
escapes  through  the  (ven  heater  stack 
pipe  to  the  outdoors ; 

(3)  Fuel  input  to  a  continuously  burn¬ 
ing  gas  pilot. 

FEA  recognizes  that  there  may  be  ad¬ 
ditional  useful  measures  of  energy  con¬ 
sumption  for  vented  home  heating  equip¬ 
ment  other  than  the  measiires  describe 
above.  Accordingly,  today’s  proposal,  in 
proposed  9  430.22(0).  provides  for  the 
addition  of  other  useful  measures  which 
the  Administrator  determines  are  likely 
to  assist  consumers  in  making  purchas¬ 
ing  decisions.  These  measures,  however, 
must  be  derived  from  the  application  of 
the  uniform  test  methods  proposed  today 
as  Appendix  O  to  Subpart  B.  Vented 
home  heating  equipment  manufacturers 
would,  if  requir^  only  have  to  perform 
different  computations  with  the  data 
generated  by  the  existing  test  methods 
contained  in  Appendix  O. 

C.  Laboratory  Methodology. 

The  proposed  test  procedures  are  based 
upon  the  heat  loss  method,  in  which  the 
sensible  and  latent  heat  losses  through 
the  stack  are  determined.  Since  these 
losses  will  depend  upon  such  factors  as 
load,  cycling  rate,  chimney  height,  over- 
sizing,  the  t3rpe  of  draft  control  device, 
the  infiltration  characteristics  of  a  resi¬ 
dence  and  the  weather  profile,  it  is  desir¬ 
able  to  measure  in  the  labmutory  quan¬ 
tities  which  characterize  the  perform¬ 
ance  of  a  vented  heater  under  standard¬ 
ized  laboratory  test  conditions  and  then 
to  calculate  its  performance  under  typi¬ 
cal  field  conditions.  This  has  the  advan¬ 
tage  of  simplifying  the  amount  of  experi> 
mental  laboratory  data  reqiiired  and 
thereby  reducing  the  costs  of  testing. 

The  test  procedures  require  measure¬ 
ment  of  the  steady-state  perfonnance  of 
a  vented  heater  in  order  to  calculate  a 
steady-state  efficiency.  For  vented  heat¬ 
ers  without  integral  draft  diverters,  this 
is  accmnpUshed  by  measuring  the  steady  - 
state  fiue  gas  temperature  and  the  con- 
centraticm  by  volume  of  carbon  dioxide 
in  the  fiue  gas.  For  vented  heaters  utiliz¬ 
ing  integral  draft  diverters,  the  steady- 
state  performance  is  determined  by 
measuring  the  steady-state  stack  gas 
temperature  and  the  concaitration  by 
volume  of  carbon  dioxide  in  the  dry 
stack  gas.  This  latter  method  is  em¬ 
ployed  because  of  the  difficult  in  accu¬ 
rately  measuring  fiiie  gas  temperatures 
and  concentrations  of  carbon  dioxide  in 
\inits  with  integral  draft  diverters. 

Hie  test  procedures  account  for  cyclic 
effects  by  measuring  fiue  gas  tempera¬ 
tures  diuring  warm-up  from  a  cold  start 
(for  gas  fueled  heaters)  and  during  cool¬ 
down  from  st^idy-state  operation.  As 
noted  above,  actual  fiue  gas  temperature 
measurements  on  vented  heaters  with 
integral  draft  diverters  are  difficult  to 
make.  However,  for  pvui?oses  of  account¬ 
ing  for  transient  effects,  it  was  deter¬ 
mined  that  fiue  gas  temperatures  could 
be  measiu^  by  blocking  the  integral 
draft  diverter  relief  opening,  r^lacing 
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the  5  foot  stack  with  a  2  foot  length  of 
pipe,  and  measuring  the  temperature 
and  COj  concentration  of  the  flue  gas. 
The  flue  gas  temperature  profiles  are 
determined  by  making  two  discrete  flue 
gas  temperature  measurements  during 
warm-up  and  three  discrete  measure¬ 
ments  during  cool-down.  The  use  of  dis¬ 
crete  warm-up  and  cool-down  tempera¬ 
ture  measurements  reduces  the  amount 
of  data  required  and  greatly  simplifies 
the  process  of  data  reduction.  The  times 
at  which  these  discrete  flue  gas  tempera¬ 
ture  measurements  are  made  were 
chosen  to  minimize  the  errors  involved 
in  calculating  the  on -cycle  losses. 

In  addition  to  the  above  mentioned 
tests,  certain  factors,  which  describe  the 
flow  rates  through  the  flue  and  stack 
during  the  on  and  off-periods,  are  as¬ 
signed  according  to  the  type  of  equip¬ 
ment  under  test.  The  factor  S/F,  which 
is  the  ratio  of  stack  gas  mass  flow  rate  to 
flue  gas  mass  flow  rate  vmder  steady- 
state  operation  and  at  an  average  out¬ 
door  temperature  of  42*  F  (5.56°  C),  is 
used  to  estimate  the  infiltration  losses 
during  both  the  on  and  off -cycles.  By 
assigning  values  which  are  based  upon 
field  data,  the  need  to  simulate  field  con¬ 
ditions  in  the  laboratory  (e.g.,  a  high 
chimney,  a  low  outdoor  temperature,  a 
typical  barometric  draft  regulator  set¬ 
ting,  etc.)  is  avoided.  A  factor  Df  repre¬ 
sents  the  ratio  of  the  gas  mass  flow  rate 
through  the  flue  during  the  off-cycle  to 
the  gas  mass  flow  rate  through  the  flue 
during  the  on-cycle  at  identical  temper¬ 
atures.  A  similar  quantity,  Ds.  is  the 
ratio  of  the  stack  gas  mass  flow  rates 
during  the  on-period  to  the  stack  gas 
mass  flow  rate  during  the  off -period  at 
identical  temperatures.  The  values  of  Df 
and  Ds  depend  upon  whether  the  system 
being  tested  employs  a  stack  damper 
and/or  a  power  burner.  If  a  unit  is 
equipped  with  a  stack  damper,  its  effec¬ 
tiveness  is  determined  by  measuring  the 
amount  of  stack  area  which  the  damper 
blocks  during  the  off -cycle.  Vented  heat¬ 
ers  using  power  burners  may  employ  an 
assigned  power  burner  factor  of  Dp=0.30 
or  measure  Dp  directly  by  employing  a 
tracer  gas  to  determine  the  mass  flow 
rate  in  the  flue  while  the  power  burner 
is  off. 

Wherever  possible  the  test  methods 
recommended  herein  have  been  based 
upon  existing  (xmsensus  standards  and 
procedures  presently  employed  by  manu¬ 
facturers  to  evaluate  tbe  performance 
of  vented  home  heating  equipment.  This 
was  done  to  reduce  the  amount  of  du¬ 
plicate  testing  required  and  to  obtain  a 
set  of  performance  tests  which  would  be 
within  the  capabilities  of  the  entire 
home  heating  industry. 

A  step-by-step  calculation  procedure 
for  determining  fuel  utilization  efficiency 
based  upon  an  average  UB.  weather  pat¬ 
tern  is  given' in  sections  4.1  and  4.2  for 
gas  and  oil  fueled  vented  heaters.  This 
efficiency  factor  is  used  to  estimate  the 
aimual  cost  of  operation  in  different  cli¬ 
matic  regions  and  an  average  operating 
cost  for  the  coimtry.  The  technical 
background,  assumptions  and  equations 
which  fonn  the  basis  for  the  fuel  utili*- 


zation  efficiency  calculation  and  annual 
op>erating  cost  calculation  are  contained 
in  Appendix  A  of  the  NBS  test  procedure 
review  document.  A  woiicsheet  is  illus¬ 
trated  which  may  be  used  to  keep  track 
of  the  experimental  data  and  the  various 
step-by-step  calculations. 

Assigned  values  of  the  factors  S/F,  Dr 
and/or  Ds  are  given  in  Tables  1  and  2. 
The  factor  <t>  is  the  fraction  of  combus¬ 
tion  and  draft  control  air  which  con¬ 
tributes  to  additional  residential  infiltra¬ 
tion.  NBS  has  determined  this  factor 
typically  equals  0.70  for  vented  heaters 
using  indoor  air.  The  quantity  (1  +  “) 
is  the  ratio  of  the  heater’s  steady-state 
output  to  the  design  heating  require¬ 
ment  of  a  typical  residence  and  is  set 
equal  to  1.70  for  the  purpose  of  calcu¬ 
lating  a  fuel  utilization  efficiency  and  an 
average  national  operating  cost. 

The  steady-state  latent  and  sensible 
heat  losses  and  the  steady-state  effi¬ 
ciency,  ’?ss,  are  also  calculated  in  section 
4.1.  The  flue-gas  and  stack-gas  tempera¬ 
ture  profiles,  corresponding  to  warm-up 
from  a  cold  start  and  cool-down  from 
steady-state  operation,  are  then  ap¬ 
proximated  by  simple  exponential  func¬ 
tions  having  the  form 

(ae-*/^+b). 

The  parameters  in  these  fimctions 

TON,  toff,  0r,O.X,  4'F.O.X,  ^'F.m.X,  ^s.o.x, 
and 

'f'S.to.X 

are  determined  from  the  warm-up,  cool¬ 
down  and  steady -state  flue  temperature 
measurements  and  are  corrected  for  the 
effect  of  cycling  to  obtain  the  flue-gas 
and  stack-gas  temperature-vs-time  pro¬ 
files  which  would  exist  if  the  imit  were 
operating  in  the  Held  at  a  heating  load 
factor  equal  to  22.5  percent.  For  units 
designed  to  use  outdoor  air  for  combus¬ 
tion  and  draft  control,  a  further  adjust¬ 
ment  to  these  profiles  are  made  using  a 
correction  factor  C.  to  account  for  the 
fact  that  the  air  used  to  combustion 
has  an  average  temperature  of  42'  F 
(5.56' C). 

The  flue-gas  and  stack-gas  tempera- 
ture-vs-time  profiles  are  employed,  along 
with  the  factors  describing  the  on-  and 
off -cycle  air  flow  rates,  to  calculate  the 
dynamic  system  losses  Ls,.,,,  TjSfOtt,  TjffOn, 
and  L/,.(f  at  the  average  heating  load 
factor  and  the  average  outdoor  tempera¬ 
ture  of  22.5  percent  and  42'  F  (5.56'  C), 
respectively.  These  losses,  together  with 
the  latent  heat  loss,  jacket  loss  on  out¬ 
door  units,  and  the  pilot  light  energy 
loss  during  the  nonheating  season,  are 
then  used  to  calculate  an  annual  fuel 
utilization  efficiency,  EFFYa. 

D.  Representative  Average  Use  Cycle. 

Section  323(b)(2)  (42  U.8.C.  6293(b) 
(2) )  of  the  Act  provides  that  test  proce¬ 
dures  for  determining  estimated  annual 
operating  costs  of  any  covered  product 
shall  be  calculated  from  measurements 
of  energy  use  in  a  representative  aver¬ 
age-use  cycle  (as  determined  by  the  Ad¬ 
ministrator)  and  from  representative 
average  unit  costs  (as  provided  by  the 
Administrator)  needed  to  operate  such 
product  during  such  cycle.  PELA  has  de¬ 


termined  that  the  representative  aver¬ 
age-use  cycle  for  vented  home  heating 
equipment  is  2,080  heating  load  hours 
per  year.  This  determinaticm  is  based 
upon  an  NBS  recommendation  to  FEA. 
The  NBS  recommendation  is  included  in 
the  NBS  test  procediu'e  review  docu¬ 
ment  which  is  available  for  inspection  as 
provided  for  later  in  this  notice. 

The  average  use  cycle  of  2,080  heating 
load  hours  for  vented  heaters  was  de¬ 
rived  in  an  analysis  performed  by  NBS 
which  considered  outdoor  temperature 
data  extending  over  a  25  year  period  at 
locations  in  each  of  the  48  states  in  the 
continental  United  States  and  the  Dis¬ 
trict  of  Columbia.  In  addition,  the  num¬ 
ber  of  housing  units  in  each  state  using 
gas  or  oil  as  the  primary  fuel  for  heat¬ 
ing  as  reported  in  the  1970  U.S.  Census, 
was  also  used  in  the  analysis. 

Using  the  number  of  housing  units  by 
state  as  a  weighting  factor,  and  the  aver¬ 
age  outdoor  design  temperature  at  each 
location,  a  naticmal  average  outdoor  de¬ 
sign  temperature  was  calculated  to  be 
5'  F.  A  similar  computation  was  per¬ 
formed  using  average  annual  heating  de¬ 
gree  day  values  for  each  state  resulting 
in  a  national  average  of  5,200  heating 
degree  days.  The  average  annual  heating 
load  hours  was  then  calculated  by  multi¬ 
plying  the  average  number  of  degree 
days  by  24  and  dividing  that  result  by 
the  temperature  difference  between  65' 
F  and  the  average  outdoor  design  tem¬ 
perature;  the  result  being  2,080  heating 
load  hours  per  year. 

FEA  has  developed  representative 
average  unit  costs  of  energy  needed  to 
calculate  the  annual  operating  cost  for 
the  representative  average  use  cycle. 
This  information  was  provided  by  notice 
issued  July  11,  1977  (42  PR  36549,  July 
15,  1977). 

E.  Number  of  Units  to  be  Tested. 
Proposed  §  430.23  (o)  would  provide  for 
sampling  of  each  basic  model  to  be 
test^  when  testing  of  vented  home 
heating  equipment  is  required  by  the  Act 
or  by  program  regulations  of  agencies  re¬ 
sponsible  for  administering  the  Act.  ITiis 
provision  is  intended  both  to  provide  an 
acceptable  level  of  assurance  that  test 
results  are  applicable  to  any  entire  basic 
model  for  which  testing  is  required  and 
to  minimize  the  testing  burden  on  manu¬ 
facturers.  FTSA  believes  that  the  sam¬ 
pling  approach  proposed  today  will  en¬ 
able  consumers  to  make  meaningful 
comparisons  of  information  apbearing 
on  appliance  labels,  and  also  will  meet 
the  requirements  of  section  323(b)  of  the 
Act  that  test  procedures  not  be  unduly 
burdensome  to  conduct. 

Under  proposed  §  430.23  (o) ,  a  sample 
of  sufficient  size  of  each  basic  model 
would  be  tested  to  assme  that,  for  each 
measure  of  energy  consumption  de¬ 
scribed  in  §  430.22(0),  there  is  a  95  per¬ 
cent  probability  that  the  mean  of  the 
values  of  these  measures  of  the  sample  is 
within  5  percent  of  the  true  mean  of 
these  measures  of  the  basic  model.  The 
size  of  the  sample  of  a  particular  basic 
model  will  depend  upon  the  following 
factOTs: 
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(1)  the  level  of  confidence  required 
(set  at  95  percent  in  the  proposed 
regiilations) ; 

(2)  the  maximum  allowable  difference 
between  the  sample  mean  and  the  mean 
of  the  basic  model  (expressed  in  the  pro¬ 
posal  as  a  percent  of  the  true  mean  and 
set  at  5  percent) ;  and 

(3)  the  relationship  of  the  mean  and 
standard  deviation  of  the  basic  model. 

The  relationship  of  the  mean  and 
standard  deviation  of  the  basic  model 
can  be  determined  frmn  data  available 
to  manufacturers.  With  this  information 
and  using  standard  statistical  tech¬ 
niques,  manufacturers  can  determine  the 
number  of  imits  required  to  be  tested. 
In  any  case,  at  least  1  iinit  of  each  basic 
model  must  be  tested.  Sample  units 
would  be  selected  randomly  from  the 
production  stream. 

Manufacturers  and  other  interested 
persons  are  encouraged  to  cmnment  on 
the  sampling  approach.  Manufacturers 
are  especially  encouraged  to  submit  any 
data  which  relates  to  the  size  of  the  sam¬ 
ples  which  the  provision  would  require 
to  be  tested.  Comments  alleging  that  the 
sampling  provision  is  bvudensmne  should 
include  a  full  discussicxi  of  the  facts  upon 
which  such  allegation  is  based. 

P.  Request  for  ParticvJar  Comments. 

While  PEA  is  soliciting  comments  on 
all  aspects  of  the  pn^xised  test  proce¬ 
dures  tor  vented  heaters,  PEA  is  par¬ 
ticularly  interested  in  receiving  com¬ 
ments  (m  the  following  subjects: 

1.  Other  useful  measures  of  energy 
consumption  or  data  on  typical  consum¬ 
er  usage  of  vented  home  heating  equip¬ 
ment  in  addition  to  those  proposed  t(xlay. 

2.  Definitions  already  pnnnulgated  or 
proposed  in  §  430.2  which  may  affect  the 
testing  of  vented  hmne  heating  equip¬ 
ment.  Comments  with  respect  to  such 
definitions  are  timely  imtil  the  close  of 
the  written  record  as  specified  below. 

In  addition  to  the  definition  of  basic 
model  for  vented  home  heating  equip¬ 
ments,  the  following  definitions  are  pro¬ 
posed  today :  vented  home  heating 
equipment;  vented  wall  fimnace;  vented 
floor  furnace;  vented  room  heater;  and 
direct  vent  system. 

The  following  definitions  previously 
proposed  in  S  430.2  (41  PR  19377)  are 
hereby  withdrawn:  vented  gas  and  oil 
fired  ro(xn  heater;  vented  circulator;  fan 
type  vented  circulator;  and  vented  over¬ 
head  heater. 

G.  Comment  Procedure. 

1.  Written  Comment.  Interested  per¬ 
sons  are  invited  to  participate  in  this 
rulemaking  by  submitting  data,  views  or 
argmnents  with  respect  to  the  proposed 
test  procedures  for  vented  home  heating 
equipment  or  the  proposed  target  hear¬ 
ing  set  forth  in  this  notice  to  Executive 
Communications,  Room  3317,  Pederal 
Energy  Administration,  Box  OQ,  (pro¬ 
posed  test  procedure)  or  Box  NU  (pro¬ 
posed  target) .  Washington,  D.C.  20461. 

CTomments  shovdd  be  identified  on  the 
outside  of  the  envelope  and  on  docu¬ 
ments  submitted  to  PEA  with  the  desig¬ 
nation  “Vented  Home  Heating  Equip¬ 
ment — ^Proposed  Test  Procedimes”  or 
“Home  Heating  Equipment — ^Proposed 
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Target,”  respectively.  Pifteen  copies 
should  be  submitted.  Comments  received 
by  October  25, 1977,  before  4:30  p.m.,  and 
all  other  relevant  informaion,  will  be  con¬ 
sidered  by  PEA  before  final  action  is  tak¬ 
en  on  the  proposed  test  procedures. 

Any  information  or  data  ccmsidered 
confidential  by  the  person  furnishing  it 
must  be  so  identified  in  writing,  and  only 
one  copy  of  the  information  ne^  be  sub¬ 
mitted.  PEA  reserves  the  right  to  deter¬ 
mine  the  confidential  status  of  the  in¬ 
formation  or  data  and  treat  it  accord¬ 
ing  to  its  determination. 

2.  Public  Hearings,  (a)  Request  pro¬ 
cedure.  The  time  and  place  of  these  pub¬ 
lic  hearings  are  indicated  at  the  begin¬ 
ning  of  this  preamble.  The  hearings  will 
be  continued,  if  necessary,  on  Novem¬ 
ber  3,  1977. 

PEA  invites  any  person  who  has  an 
interest  in  the  proposed  rulemaking  is¬ 
sued  today,  or  who  is  a  representative  of 
a  group  or  class  of  persons  that  has  an 
interest,  to  make  a  written  request  for 
an  opportunity  to  make  an  oral  presen¬ 
tation.  Such  a  request  should  be  directed 
to  the  address  indicated  at  the  beginning 
of  this  preamble  and  must  be  received 
before  4:30  p.m.,  on  October  21,  1977. 
Such  a  request  may  be  hand  delivered 
to  such  address,  between  the  hours  of 
8:00  a.m.  and  4:30  pm..  Monday  through 
Friday.  A  request  should  be  labeled  both 
on  the  document  and  on  the  envelope 
“Venter  Home  Heating  Equipment — ^Pro¬ 
posed  Test  Procedures”  or  “Home  Heat¬ 
ing  Equipment — ^Proposed  Target”,  re¬ 
spectively. 

The  person  making  the  request  should 
briefiy  describe  the  interest  concerned; 
if  appropriate^  state  why  she  or  he  is  a 
proper  representative  of  a  group  or  class 
of  persons  that  has  such  an  interest;  and 
give  a  concise  summary  of  the  proposed 
oral  presentation  and  a  telephone  num¬ 
ber  where  she  or  he  may  be  contacted 
through  November  2,  1977. 

PEA  will  notify  each  pers<;)n  selected  to 
appear  at  the  hearing  before  4:30  pm., 
Ctotober  26, 1977.  Each  person  select^  to 
be  heard  must  submit  50  copies  of  her 
or  his  statement  to  the  address  and  by 
the  date  given  in  the  beginning  of  this 
preamble.  In  the  event  any  person  wish¬ 
ing  to  testify  cannot  meet  the  50  copy 
requirment,  alternative  arrangements 
can  be  made  with  the  OflBce  of  Regula¬ 
tions  Management  in  advance  of  the 
hearing  by  so  indicating  in  the  letter  re¬ 
questing  an  oral  presentation  or  by  call¬ 
ing  the  Office  of  Regulations  Manage¬ 
ment  at  202-254-3345. 

(b)  Conduct  of  Hearings.  PEA  reserves 
the  right  to  select  the  persons  to  be  heard 
at  these  hearings,  to  schedule  their  re¬ 
spective  presentations  and  to  establish 
the  procedures  governing  the  conduct  of 
the  hearings.  The  length  of  each  pres¬ 
entation  may  be  limited,  based  on  the 
niunber  of  persons  requesting  to  be 
heard. 

An  PEA  official  will  be  designated  to 
preside  at  the  hearings.  These  will  not 
be  judicial  or  evidentiary-type  hearings. 
Questions  may  be  asked  only  by  those 
conducting  the  hearings,  and  there  will 
be  no  cross-examination  of  persons  pre- 
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sentlng  statements.  Any  decision  made 
by  PEA  with  respect  to  the  subject  mat¬ 
ter  of  the  hearings  will  be  based  on  all 
Information  available  to  PEA.  At  the 
conclusion  of  all  initial  oral  statements 
at  each  hearing,  each  pers<xi  who  has 
made  an  oral  statement  will  be  given*  the 
opportunity  if  she  or  he  so  desires,  to 
make  a  rebuttal  statement.  The  rebut¬ 
tal  statements  will  be  given  in  the  order 
in  which  the  initial  statements  were 
made  and  will  be  subject  to  time  limi¬ 
tations. 

Any  Interested  person  may  submit 
questions  to  be  asked  of  any  person  mak¬ 
ing  a  statement  at  the  hearings  to  Exec¬ 
utive  CommimiCations,  PEA,  before  4:30 
p.m.,  October  25,  19J7.  PEA  will  deter¬ 
mine  whether  the  question  is  relevant, 
and  whether  the  time  limitations  permit 
it  to  be  presented  for  answer. 

Any  i>erson  who  makes  an  oral  state¬ 
ment  and  who  wishes  to  ask  a  question 
at  the  hearings  may  submit  the  question, 
in  writing,  to  the  presiding  officer.  The 
presiding  officer,  will  determine  whether 
the  question  is  relevant,  and  whether 
the  time  limitations  permit  it  to  be  pre¬ 
sented  for  answer. 

Any  further  procedural  rules  needed 
for  the  proper  conduct  of  the  hesu*ings 
will  be  announced  by  the  presiding  offi¬ 
cer. 

A  transcript  of  each  hearing  will  be 
made  and  the  entire  record  of  each  hear¬ 
ing,  including  the  transcript,  will  be  re¬ 
tained  by  PEA  and  made  available  for 
inspection  at  the  PEA  Freedom  of  In¬ 
formation  Office,  Room  2107,  Federal 
Building,  12th  and  Pennsylvania  Avmue 
NW.,  Washington,  D.C.,  between  the 
hours  of  8:00  a.m.  and  4:30  p.m.,  Mon¬ 
day  through  Friday.  Any  person  may 
pvtrchase  a  copy  of  the  transcript  from 
the  reporter.  A  copy  of  NBS’s  recom¬ 
mendations  concerning  test  procedures 
for  vented  home  heating  equipment,  and 
technical  and  economic  papers  relating 
to  the  proposed- efficiency  improvement 
target  will  be  made  available  for  inspec¬ 
tion  at  the  PEA  Freedom  of  Information 
Office. 

H.  Environmental  and  Inflationary 
Review. 

As  required  by  section  7(c)  (2)  of  the 
Federal  Energy  Administration  Act  of 
1974  (Pub.  L.  93-275) ,  a  copy  of  this  no¬ 
tice  has  been  submitted  to  the  Adminis¬ 
trator  of  the  Environmental  Protection 
Agency  for  his  comments  concerning  the 
impact  of  this  proposal  on  the  quality 
of  the  environment.  The  Administrator 
has  no  comments. 

The  National  Environmental  Policy 
Act  of  1969  requires  PEA  to  assess  the 
environmental  impacts  of  any  proposal 
by  the  Agency  for  “major  Pederal  actions 
significantly  affecting  the  quality  of  the 
human  environment.”  Since  test  proce¬ 
dures  vmder  the  conservation  program 
for  appliances  will  be  used  only  to  stand¬ 
ardize  the  measurement  of  energy  usage 
and  will  not  affect  the  quantity  or  cUs- 
tributiOTi  of  energy  usage,  PEA  has  de¬ 
termined  that  the  action  of  prescribing 
test  procedures,  by  itself,  will  not  result 
in  any  environmental  impacts.  On  this 
basis,  PEA  has  determined  that,  with 
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respect  to  prescribing  test  procedures 
under  the  conservation  program  for  ap¬ 
pliances,  no  environmental  impact  state¬ 
ment  is  required. 

The  proposal  has  been  reviewed  in  ac¬ 
cordance  with  Executive  Order  11821  as 
amended  by  Executive  Order  11949,  and 
OMB  Circular  No.  A-107  and  has  been 
determined  not  to  be  a  major  prop)osal 
requiring  evaluation  of  its  economic  im¬ 
pact  as  provided  for  therein. 

(Energy  Policy  and  Conservation  Act,  Pub.  L. 
94-163,  as  amended  by  Pub.  L.  94-385;  Fed¬ 
eral  Energy  Administration  Act  of  1974,  Pub. 
L.  93-276,  as  amended  by  Pub.  L.  94-385;  E.O. 
11790,  39  FR  23185.) 

In  consideration  of  the  foregoing,  it  is 
proposed  to  amend  Chapter  II  of  Title 
10,  Code  of  Federal  Regulations,  as  set 
forth  below. 


Issued  in  Washington,  D.C.,  August  22, 
1977. 


Eric  J.  Pygi, 


Acting  General  Counsel. 


Federal  Energy  Administration. 


1.  Section  430.2  is  amended  by  adding 
a  subparagraph  (15)  as  part  of  the  defi¬ 
nition  of  “basic  model”  and  by  adding 
the  definitions  of  “vented  home  heating 
equipment,”  “vented  wall  furnace,” 
“vented  floor  furnace,”  “vented  room 
heater”  and,  “direct  vent  system,”  to 
read  as  follows: 


§  430.2  Definitions. 

•  *  «  •  • 

“Basic  model”  means  all  units  of  a 
given  type  of  covered  product  manufac¬ 
tured  by  one  manufacturer  and: 

•  •  «  •  • 


vented  room  heater  supplies  heated  air 
circulated  by  gravity  or  by  a  fan  directly 
into  the  space  to  be  heated  through 
openings  in  the  casing  without  duct  con¬ 
nections. 

“Direct  vent  system”  means  a  system 
consisting  of  a  vented  heater  and  com¬ 
bustion  air  and  flue  gas  connections  be¬ 
tween  the  vented  heater  and  the  outside 
atmosphere,  and  constructed  so  that  all 
air  for  combustion  is  obtained  from  the 
outside  atmosphere  and  all  flue  gases  are 
discharged  to  the  outside  atmosphere. 

2.  Section  430.22  is  amended  by  add¬ 
ing  paragraph  (o),  to  read  as  follows: 

§  430.22  Test  Procedures  for  Measures 
of  Energy  Consumption. 

•  #  •  •  • 

(o)  Vented  home  heating  equipment. 
(1)  The  estimated  annual  operating  cost 
for  vented  home  heating  equipment 
shall  be  Uie  sum  of:  (i)  the  product  of 
the  average  annual  fuel  energy  con¬ 
sumption  in  Btu’s  per  year,  determined 
according  to  4.7  of  Appendix  O  of  this 
subpart,  and  the  representative  aver¬ 
age  unit  cost  in  dollars  per  Btu  for  gas 
or  oil,  as  appropriate  as  provided  by  the 
Administrator  plus  (ii)  the  product  of 
the  average  annual  auxiliary  electric  en¬ 
ergy  consumption  in  kilowatt-hours  per 
year,  determined  according  to  4.8  of  Ap¬ 
pendix  O  of  this  subpart,  and  the  rep¬ 
resentative  average  unit  cost  in  dollars 
per  kilowatt-hour  as  provided  by  the  Ad¬ 
ministrator,  the  resulting  sum  then  be¬ 
ing  roimded  off  to  the  nearest  dollar  per 
year. 

(2)  The  annual  fuel  utilization  efllci- 
ency  for  vented  home  heating  equip- 


O  of  this  subpart,  and  the  r^resentative 
average  unit  cost  in  dollars  per  Btu  for 
gas  or  oil,  as  appropriate,  as  provided 
by  the  Administmtor  plus  (ii)  the  prod¬ 
uct  of  the  regional  auxiliary  electrical 
energy  consumption  in  kilowatt-hours 
per  year,  determined  according  to  4.11 
of  Appendix  O  of  this  subpart,  and  the 
representative  average  unit  cost  in  d(d- 
lars  per  kflowatt-hom  as  provided  by 
the  Administrator,  the  resulting  sum 
then  being  rounded  off  to  the  nearest 
dollar  per  year. 

(5)  Other  useful  measiu^  of  energy 
consumption  for  vaited  home  heating 
equipment  shall  be  those  measures  of 
energy  consumption  which  the  Adminis¬ 
trator  determines  are  likely  to  assist 
consumers  in  making  purchasing  deci¬ 
sions  and  which  are  derived  frcnn  the 
application  of  Appendix  O  of  this  sub¬ 
part. 

3.  Section  430.23  is  amended  by  add¬ 
ing  a  pcuragraph  (o)  to  read  as  follows: 

§  430.23  Units  to  be  tested. 

«  «  •  •  • 

(o)  Vented  home  heating  equipment. 
(1)  When  testing  of  vented  hcnne  heat¬ 
ing  equipment  is  required  for  a  measure 
or  measures  of  energy  consumption  de¬ 
scribed  in  §  430.22(0)  of  this  subpart,  a 
sample  of  sufficient  size  of  each  basic 
model  shall  be  tested  to  ensure  that, 
for  each  such  measure  of  energy  con- 
smnption,  there  is  a  95  percent  prob¬ 
ability  that  the  meeui  of  the  sample  is 
within  5  percent  of  the  true  mean  of 
such  measures  of  the  basic  model,  ex¬ 
cept  that  a  minimum  of  1  unit  of  each 
basic  model  shall  be  tested. 


(15)  With  respect  to  furnaces,  having 
the  same  primary  energy  source  and  es¬ 
sentially  identical  fimctional  physical 
and  electric  characteristics. 

•  *  •  •  * 

“Vented  home  heating  equipment”  or 
“vented  heater”  means  a  class  of  home 
heating  equipment,  not  including  fur¬ 
naces,  designed  to  furnish  warmed  air 
to  the  living  space  of  a  residence,  direct¬ 
ly  from  the  device  without  duct  connec¬ 
tions  (except  that  boots  not  to  exceed  10 
inchw  beyond  the  casing  may  be  per¬ 
mitted)  and  includes:  vented  wall  fur¬ 
nace,  vented  floor  furnace,  and  vented 
room  heater. 

“Vented  wall  furnace”  means  a  self- 
contained  vented  heater  complete  with 
grilles  or  the  equivalent,  designed  for  in¬ 
corporation  in  or  permanent  attachment 
to  the  structure  of  a  residence  and  fur¬ 
nishing  heated  air  circulated  by  gravity 
or  by  a  fan  directly  into  the  space  t(rbe 
heated  through  openings  in  a  casing. 

“Vented  floor  furnace”  means  a  self- 
contained  vented  heater  suspended  from 
the  floor  of  the  space  being  heated,  tak¬ 
ing  air  for  combustion  from  outside  this 
space.  The  vented  floor  furnace  supplies 
'heated  air  circulated  by  gravity  or  by  a 
fan  directly  into  the  space  to  be  heated 
through  openings  in  the  casing. 

“Vented  room  heater”  means  a  self- 
contained,  free  standing,  nonrecessed, 
vented  heater  for  furnishing  warmed  air 
to  the  space  in  which  it  is  installed.  The 


ment,  expressed  in  percent,  shall  be  the 
ratio  of  annual  output  of  useful  energy 
delivered  to  the  heated  space  to  the  an¬ 
nual  fuel  energy  input  to  the  vented 
heater  determined  according  to  4.1.33 
of  Appendix  O  of  this  sul^iart. 

(3)  The  estimated  regional  annual 
operating  costs  for  vented  home  heating 
equipment  computed  for  minimum  and 
maximum  standardized  design  heating 
requirements  shall  be  the  sum  of :  (i)  the 
product  of  the  regional  annual  fuel 
energy  consumpti<m  for  the  minimum 
or  maximum  standardized  design  heat¬ 
ing  requirement,  as  aiH>ropriate,  in  Btu’s 
per  year  for  gas  or  oil  vented  heaters 
determined  according  to  4.16  or  4.17  of 
Appendix  O  of  this  subpart,  and  the  rep¬ 
resentative  average  imit  cost  in  dollars 
per  Btu  for  gas  or  oil,  as  appropriate,  as 
provided  by  the  Administrator  plus  (B) 
the  product  of  the  regional  annual  auxil¬ 
iary  electrical  energy  consumption  in 
kilowatt-hours  per  year  determined  ac¬ 
cording  to  4.18  or  4.19,  as  appropriate, 
of  Appendix  O  of  this  sulH>art,  and  the 
representative  average  unit  cost  in  dol¬ 
lars  per  kilowatt-hour  as  provided  by 
the  Administrator,  the  resulting  sum 
then  being  roimded  off  to  the  nearest 
dollar  per  year. 

(4)  The  estimated  regional  annual 
operating  cost  for  vented  home  heating 
equipment  shall  be  the  sum  of:  (1)  the 
product  of  the  regional  annual  fuel  en¬ 
ergy  consumption  in  Btu’s  per  year  de¬ 
termined  according  to  4.10  of  Appendix 


(2)  The  sample  selected  for  para¬ 
graph  (o)(l)  of  this  section  shall  be  a 
simple  random  sample  drawn  from  the 
production  stream  of  the  basic  model 
being  tested. 

(3)  A  basic  model  having  dual  volt¬ 
age  ratings  shall  be  separately  tested  at 
each  design  voltage  such  that  the  re¬ 
quirements  of  paragraph  (o)  (1)  of  this 
section  is  satisfied  at  each  rating. 

•  *  •  •  • 

Appendix  O— Uniporm  Test  Method  for  Measuring 

THE  Energy  Consumption  of  Vented  Home  Heat¬ 
ing  Equipment 

1.0  DEFINITIONS. 

1.1  “  Steady-state  conditions  for  vented  home  heating 
equipment”  means  equilibrium  conditions  in  the  flue  or 
stack  gas  as  indicate  by  temperature  changes  of  not 
more  than  plus  or  minus  5“  F  (2.8®  C)  in  three  successive 
temperature  readings  taken  15  minutes  apart. 

1.2  “Flue  gases"  means  reaction  products  resulting 
from  the  combustion  of  a  fuel  with  the  oxygen  of  the 
air,  including  the  inerts  and  any  excess  air. 

1..3  “Excess  air”  means  air  which  passes  through 
the  combustion  chamber  and  the  vent^  heater  flues 
in  excess  of  that  which  is  theoretically  required  for 
complete  combustion. 

1.4  “Flue”  means  a  conduit  between  the  flue  outlet 
of  a  vented  heater  through  which  the  flue  gases  pass 
t»1ortothe  point  of  draft  relief. 

1.5  “Flue  outlet”  means  the  opening  provided  in  a 
vented  heater  for  the  exhaust  of  the  flue  gases  from  the 
combustion  chamber. 

1.6  “Flue  losses”  means  the  sum  of  sensible  and  latent 
heat  losses  above  room  temperature  (70°  F)  of  the  flue 
gasses  leaving  a  vented  heater. 

1.7  “Stack”  means  the  portion  of  the  exhaust  system 
downstream  of  the  barometric  draft  regulator  or  integral 
draft  diverter. 

1.8  “Stack  gases”  means  the  flue  gases  combined 
with  dilution  air  that  enters  at  the  Isometric  draft 
regulator  or  integral  draft  diverter. 

1.9  “Barometric  draft  regulator”  means  a  mechanical 
device  design^  to  maintain  a  constant  draft  in  a  vented 
heater. 
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1.10  "Air  dmtUr*’  ma«ns  an  adjustable  device  for 
vaiyinc  the  site  of  the  primary  air  fnletis)  to  tlie  com¬ 
bustion  chamber. 

1.11  “Power  burner”  means  a  burner  which  supplies 
either  gas  or  air  or  both  at  pressures  exceeding,  bx  gas, 
the  line  pressure,  and  for  air,  atmospheric  nresaire,  or  a 
burner  which  depends  on  the  d^t  fnducea  by  a  to  for 
proper  operation. 

1.13  ‘  Vent  limiter”  means  a  device  which  limits  the 
flow  of  air  from  the  atmospheric  diaphragm  chamber  of  a 
gas  pressure  regulate  to  the  atmosphere.  ▲  vent  limiter 
may  be  a  limiting  orifice  or  other  limiting  device. 

1.1>  “Exhaust  air  intake  terminal”  means  a  device 
which  is  located  on  the  outside  of  a  building  and  is 
connected  to  a  vented  heater  by  a  system  of  vents.  It 
is  composed  of  an  air  intake  terminal  through  which  the 
air  for  combustion  is  taken  from  the  outside  atmosphere, 
and  a  vent  terminal  from  which  flue  gases  are  discl^ged. 

1.14  “Induced  draft”  means  a  method  of  dra^ng 
air  into  the  combustion  chamber  by  mechanical  means. 

1.15  "Plenum”  means  an  air  compiurtment,  that  is 
attached  to,  or  is  an  integral  part  of,  a  vented  heater 
and  which  is  designed  to  either  distribute  the  heated 
air  after  it  leaves  the  heat  exchanger  in  the  case  of  a 
supply  plenum,  or  collects  the  air  wmch  enters  the  return 
inlet  in  the  case  erf  a  return  plenum. 

1.16  “Heat  input”  (Qi.)  means  the  rate  of  energy 
supped  in  a  fuel  to  a  vented  beater,  operating  under 
steady  state  conditions,  expressed  in  Btu’s  per  hour. 

It  includes  any  input  energy  to  the  pilot  light  and  is 
obtained  by  multiplying  the  measured  rate  of  fuel 
consumption  by  the  measured  higher  heating  value  of 
the  fuel. 

1.17  “Higher  beating  value”  (HHV)  means  the  heat 
produced  per  unit  of  fuel  when  complete  combustion 
takes  place  at  constant  pressure  and  the  products  of 
combustion  are  cooled  to  the  inititd  temperature  of  the 
fuel  and  air  and  the  water  vapor  formed  during  cembns- 
tion  is  condensed.  The  higher  hasting  value  is  usually 
expressed  in  Btu’s  per  cubic  foot  for  gaseous  fuel,  or 
Btu’s  per  gallon  for  liquid  fuel. 

1.18  “Integral  draft  diverter”  means  a  device  which 
is  an  integral  part  of  a  vented  beater,  which  is  designed 
to  (1)  provide  for  the  exhaust  of  the  products  of  com¬ 
bustion  in  the  event  of  no  draft,  back  draft,  nr  stoppage 
beyond  the  draft  diverter,  (2)  prevent  a  back  draft  from 
entering  the  vented  heater.  (31  neutralise  the  effect  of 
stack  action  of  the  chimney  or  gas  vent  upon  the  opera¬ 
tion  of  a  vent  heater. 

1.19  “Vent  damper”  means  a  device  intended  for 
installation  in  the  euiaust  s^em  of  a  vented  heater,  and 
which  is  designed  to  open  the  exhaust  system  when  the 
vented  heater  is  in  oprntion  and  to  close  off  the  exhaust 
system  when  the  vented  heater  is  in  a  stand-by 
condition. 

1.20  "Vent  pipe”  means  passages  and  conduits  in  a 
direct  vent  sy^em  through  which  gases  pass  from  the 
combustion  chamber  to  the  outdoor  air. 

1.21  “Infiltration  parameter”  means  that  portion  of 
tmeonditioned  outside  air  drawn  into  the  heated  space 
as  a  consequence  of  loss  of  conditioned  air  through  the 
exhaust  system  of  a  vented  heater. 

1.22  "Vaporising  type  oil  burner”  means  a  device 
consisting  of  an  oil  vaporising  bowl  or  other  receptacle 
into  which  liquid  fuel  oil  may  be  fed  in  controllable 
quantities;  the  heat  of  combustion  being  used  to  vaporise 
the  fuel,  with  provision  for  admitting  ^r  and  mixing  it 
with  the  oil  vapor  in  combustible  proportions. 

1.23  “Air  tube”  means  a  tube  which  carries  com 
bustion  air  from  the  to  to  the  bnmer  nossle,  for 
combustion. 

2.0  TE8TINO  CONDITIONS. 

2.1  IiutaUatkm  of  Tett  Vnit. 

2.1.1  Vented  Wall  Furnaces  (including  direct  vent 
systems).  Oas  fueled  vented  wall  furnaces  shall  be  in¬ 
stalled  for  test  as  specified  in  Sections  2.1.3  and  2.1.4  of 
ANSI  Z21 .49-1975.  Oas  fueled  wall  furnaces  with  direct 
vent  systems  shall  be  installed  for  test  as  described  in 
2.1.?  and  2.1.4  of  ANSI  221.44-1973.  Oil  fueled  vented 
wall  furnaces  shall  be  installed  as  specified  in  ULr-730- 
1974,  Section  33.  Oil  fueled  vented  wall  furnaces  with 
direct  vent  systems  shall  be  installed  as  specified  in 
UIr-730-1974,  section  34. 

2.1.2  Vented  Floor  Furnaces.  Vented  floor  furnaces 
shall  be  installed  for  test  as  specified  in  Sections  35. 
through  35.5  of  UL  standard  729-1974. 

2.1.3  Vented  Room  Heaters.  Installation  shall  be 
made  in  accordance  with  manufocturer’s  instructions. 

2.2  Fltu  and  Stack  Rr^irementt. 

2.2.1  Oas  fueled  vented  home  heating  equipment 
ei^loylng  integral  draft  diverters. 

For  the  steady  state  performance  test  described  below, 
gas  fneled  vented  home  heating  equipment  employing 
integral  draft  diverters  with  vertically  discharging  out¬ 
lets  shall  have  attached  to  and  vertically  above  the  out¬ 
let,  a  stack  having  a  diameter  the  same  sixe  as  the  outlet 
and  shali  be  covered  with  insulation  having  an  R  value 
of  not  less  than  7  (®F-HK-Ft*/Btu)  and  ui  outer  layer 
of  aluminum  foil.  The  stack  shall  extend  not  less  than  5 
feet  nor  more  than  five  feet  six  inches  above  the  highest 
point  of  the  outlet.  Vented  heatm  having  a  horlxontaily 
discharging  outlet  shall  have  attached  an  Insulated  90 
degree  elbow,  the  same  sixe  as  the  outlet,  and  sufficient 
vertical  insulated  black  iron  {ripe  so  that  the  pipe  outlet 
is  not  less  than  five  feet  nor  more  than  five  feet  six  inches 
above  the  highest  point  of  the  heater  outlet.  A  borixontal 
section  of  idpe  may  be  used  on  the  floor  furnace  between 
the  diverter  and  the  elbow  if  necessary  to  clear  any 
framing  used  in  the  installation.  The  length  of  this  section 
of  pipe  shall  be  the  minimum  needed.  The  stack  and 


elbow  shall  be  covered  with  insulation  having  an  R  value 
of  not  less  than  7  (®F-HR-FtVBtu)  and  sm  outer  layer 
of  aluminum  foil. 

The  tests  for  measuring  flue  gas  temperatures  during 
warmup  and  cooldown,  and  for  the  st«My  state  test  of 
section  3.1.1 .3,  shall  be  conducted  by  replacing  the  five  to 
five  feet  six  inch  pipe  of  the  previous  paragraph  with  a 
two  foot  vertical  pipe.  The  ^pe  shall  be  covered  with 
insulation  having  an  R  value  of  not  less  than  7  ("F- 
UB^Fv/Btu)  and  an  outer  layer  of  alamlnam  foil. 

2.2.2  Uas  fueled  vented  home  heating  equipment 
which  does  not  employ  integral  draft  diverters.  Oas 
fueled  vented  home  heating  equipment  which  does  not 
employ  integral  draft  divert^  shall  have  a  two  foot 
long  iitsulated  pipe  attached  to  the  vertically  discharging 
flue  outlet  for  the  steady  state  test  and  the  tests  to 
measure  ttue  temperatures  during  warm-up  and  cool¬ 
down.  For  units  having  a  horixontally  discharging 
outlet,  an  elbow  and  a  two  foot  long  vertical  insulated 
pipe  shall  be  attached  to  the  outlet.  All  insulation  shall 
h*re  an  R  value  not  less  than  7  (®F-HR-FT*/Btu)  and 
an  outer  layer  at  aluminum  foil. 

2.2.3  Oil  Fueled  Vented  Home  Heating  Equipment. 
Flue  connections  for  oil  fueled  vented  floor  furnaces 
shall  be  specified  in  Section  35  of  ULr-729-1974,  Section 
34.10  through  34.18  of  UL-780-1974  for  oil  fueled  vented 
wall  furnaces  and  Sections  36.2  and  36.3  of  ULr-896-1973 
for  vented  room  heaters. 

There  siudl  be  no  opening  on  the  oil  heater  between 
the  heater  and  the  point  where  the  flue  gas  sample  is  to 
be  taken  or  the  flue  gas  temperature  is  to  be  measured. 
If  a  barometric  draft  regulator  is  incorporated  in  the 
heater,  it  shall  be  sealed  during  all  tests. 

2.2.4  Direct  Vent  Systems.  The  exhaust/air  intake 
system  supplied  by  the  manufacturer  shall  be  in  place 
during  all  tests.  A  vented  heater  employing  a  direct 
vent  system  shall  not  be  connected  to  a  chimney  or 
induced  draft  source,  but  shall  depend  for  venting  of 
the  gas  solely  on  the  provision  for  venting  incorporated 
in  the  heater  and  the  exhaust/air  intake  system  supplied 
with  it.  On  units  which  are  not  designed  to  preheat  the 
incoming  air,  the  first  18  inches  of  vent  pipe  downstream 
of  the  heater  outlet  shall  be  insulated  with  a  layer  of 
insulation  having  an  R  value  of  7  ^F-HR-FT>/Btu) 
and  the  insulation  material  covered  by  a  layer  of  aliuni- 
num  foil. 

2.3  Fuel  Supply. 

2.3.1  Natural  Oas.  For  a  vented  heater  utilixing 
natural  gas,  maintain  the  gas  supply  to  the  unit  under 
test  at  a  normal  inlet  test  pressure  immediately  ahead 
of  all  controls  at  7  to  10  inches  water  column.  The  regu¬ 
lator  outlet  pressure  at  normal  test  pressure  shall  be 
approximately  that  recommended  by  the  manufacturer. 
Ose  natural  gas  having  a  specific  gra^ty  of  approximate¬ 
ly  0.6  and  a  higher  heating  value  within  ±5%  of  1025 
Btu  per  standard  cubic  foot.  Determine  the  actual 
higher  beating  value  in  Btu’s  per  standard  cubic  foot 
for  the  natur^  gas  to  be  used  in  the  test  with  an  error 
no  greater  than  one  percent. 

2.3.2  Propane  Uas.  For  a  vented  heater  utilizing  pro¬ 
pane  gas,  maintain  the  gas  supply  to  the  unit  under  test 
at  a  normal  inlet  pressure  of  11  to  13  inches  water  column 
and  a  specific  gravity  of  1.55.  The  regulator  outlet  pres¬ 
sure  at  normal  test  pressure  shall  be  approximately  that 
recommended  by  the  manufacturer.  Use  propane  having 
a  s];>ecifio  gravity  of  approximately  1.55  and  a  higher 
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spedfled  normal  hourly  Btu  input  rating.  Smoke  in  the 
uue  shall  not  exceed  a  No.  2  smoke  during  the  steady- 


heaiing  value  within  ±5%  of  2500  Btu’s  per  standard 
cubic  foot.  Determine  the  actual  higher  heating  value 
in  Btu’s  per  standard  cubic  foot  for  the  propane  to  be 
used  in  the  test  with  an  error  no  greater  than  one  percent. 

2A.3  Other  Test  Oas.  The  characteristics  of  other 
test  gases  shall  be  maintained  as  described  in  Section 
2.2,  Table  VII,  of  ANSI  Standard  221.11.1-1974.  Their 
measured  higher  heating  value  shall  be  within  of 
the  values  specified  in  the  above  ANSI  standard. 

2.3.4  Oil  Supply.  For  a  vented  heater  utilixing  fuel 
oil,  the  fuel  oil  type  used  shall  be  No.  1  fuel  oil  for  vaporiz¬ 
ing  type  burners  and  as  specified  by  the  manufacturer 
for  mechanical  atomizing  type  burners.  The  No.  1  fuel 
oil  viscosity  shall  bo  as  specified  in  UL-73(>-1974,  Section 
36.9.  The  specification  of  other  fuel  oils  shall  be  as  defined 
in  ANSI  211.203-1970. 

The  higher  heating  value  of  the  test  fuel  oil  shall  be 
measured  with  an  error  no  greater  than  one  percent. 

2.3.5  Electrical  Supply.  For  an  auxiliary  electric 
component  of  a  venM  heater,  maintain  the  electrical 
supply  to  the  test  unit  within  one  percent  of  the  name¬ 
plate  voltage  for  the  entire  portion  of  the  test  cycle.  If 
a  voltage  range  is  used  for  nameplate  voltage,  maintain 
the  electrical  supply  within  one  percent  of  the  center 
of  the  nameplate  voltage  range. 

2.4  Burner  Adjustmenlt. 

2.4.1  Oas  Burner  Adjustments.  Burners  of  gas  fueled 
vented  heaters  shall  be  adjusted  to  their  maximum  Btu 
ratings  at  normal  tes^  pressure.  All  such  adjustments 
shall  be  within  ±2  percent  of  the  hourly  Btu  rating 
specified  by  the  manufacturer  as  measured  after  15 
minutes  of  operation  starting  with  all  parts  of  the  furnace 
at  room  temperature.  The  primary  air  shutters  shall  be 
set  for  proper  combustion,  or  as  determined  by  manu¬ 
facturer’s  recommendation,  and  the  burner  input  flow 
rate  shall  be  corrected  to  standard  conditions  of  60° 
and  30  inches  mercury  barometric  pressure. 

If  a  vent  limiting  means  is  provided  on  a  gas  pressure 
regulator,  it  shall  Im  in  place  during  all  tests. 

2.4.2  Oil  Burner  Adjustments.  The  burners  of  oil 
fueled  vented  beaters  shall  be  adjusted  to  give  the  best 
COj  reading  and  a  hourly  Btu  input,  during  the  steady- 
state  performance  test  described  below,  which  is  within 
plus  or  minus  2  percent  of  the  heater  manufacturer’^ 


state  performance  test  as  measured  by  the  procedure  in 
ANSI  Standard  211.182-1965  (R1971)  (ASTM  D  2156- 
65  (1970)).  The  averge  draft  over  the  fire  and  in  the  flue 
during  the  steady-etate  performance  test  shall  be  that 
recommended  by  the  manufacturer  and  draft  fluctua¬ 
tions  shall  not  exceed  0.005  inches  of  water  gauge.  No 
ad^tional  adjustments  to  the  burner  shall  be  made 
during  the  required  series  of  performance  tests.  The 
instruments  and  measuring  apparatus  for  this  test  are 
described  in  Section  6.3  of  ANSI  Standard  291.1-1972. 

2.5  Circulating  Air  AdiuMlment*. 

2.5.1  Forced  Air  Vented  Wall  Furnaces  (including 
direct  vent  systems).  During  tests  the  air  flow  through 
the  heater  shall  be  as  specified  by  the  manufacturer  and 
the  heater  shall  be  operated  with  the  outlet  air  tempera¬ 
ture  between  80°F  and  l^F  above  room  temperature. 

If  adjustable  aft  discharge  registers  are  provided,  they 
shall  be  adjusted  so  as  to  provide  the  maximum  possible 
aft  restriction.  Air  discharge  temperature  shall  be  meas¬ 
ured  as  specifited  in  Section  2.14  of  ANSI  221.49-1975. 

2A.2  Fail  Type  Vented  Room  Heaters  and  Floor 
Furnaces.  During  tests  on  to  type  furnaces  and  beaters, 
the  aft  flew  through  the  heater  shall  be  as  specified  by 
the  manufacturer. 

2.6  Thermocouple  IrutaUation. 

2.6.1  Oas  Fneled  Vented  Home  Heating  Equipment 
(not  including  direct  vent  systems) .  F or  units  employing 
an  integral  draft  diverter,  install  nine  thermocouples  in 

horizontal  pUme  in  the  five  foot  length  stack  at  4  feet 
inches  above  the  highest  point  of  the  heater  outlet. 
Inst^  one  thermocouple  in  the  center  of  the  stack. 
Install  eight  thermocouples  along  imaginary  lines  inter¬ 
secting  at  r^ht  angles  in  this  horixont^  plane  at  points 
one  .third  and  two  thirds  of  the  distance  between  the 
center  of  the  stack  and  the  stack  wall. 

For  those  tests  requiring  a  2  loot  length  of  pipe  install 
one  thermocouple  in  the  center  of  the  2  foot  length  of 
insulifted  flue  pipe  at  the  midpoint  (i.e.,  one  foot  of 
from  the  end). 

For  units  which  do  not  employ  an  integral  draft 
diverter,  insudl  nine  thermocouples  in  a  horizontal  plane 
12  inches  from  the  outlet  of  the  2  foot  length  of  insulated 
pipe.  Install  one  thermocouple  in  the  center  of  the  pipe 
tmd  eight  thermocouples  mong  Imaginary  lines  inter¬ 
secting  at  right  angles  in  this  horizontal  plane  at  points 
one  third  and  two  thirds  of  the  distance  between  the 
center  of  the  pipe  and  the  pipe  wall. 

Use  b^d-type  thermocouples  having  wire  size  not 
greater  than  No.  24  American  Wire  Gauge  (AW O). 

Thermocouples  whall  be  installed  for  measuring  con¬ 
ditioned  warm  aft  in  the  numbers  and  locations  decribed 
in  ANSI  221.49-1975.  section  2.14.  The  temperature  of 
the  i^et  air  shsB  be  established  by  means  of  a  single  No. 
24  AW  G  b^-type  thermocouple,  suitably  shielded  from 
direct  radiation  and  located  in  the  center  for  the  plane  of 
each  inlet  air  opening. 

2.6.2  Oil  Fueled  vented  Home  Heating  Equipment 
(not  including  direct  vent  systems).  Thermocouples  shall 
be  installed  as  described  in  Section  37.16  of  UL  896  “OH 
Burning  Stoves”  for  vented  room  heaters  or  Section  36.11 
of  UL  729  for  oil  fueled  vented  floor  furnaces,  or  35.11  or 
UL  73  for  oil  fueled  vented  wall  furnaces. 

2.6.3  Vented  Wall  Furnaces  with  Direct  Vent  Sys¬ 
tems.  For  vented  heaters  that  are  designed  to  preheat 
combustion  ^r.  Install  nine  thermocouples  along  two 
imaginary  lines  intersecting  at  right  angles  inside  the 
vent  pipe  in  a  plane  parallel  to  and  one  inch  (25.4mra) 
from  the  outlet  of  the  vent  pipe.  The  lines  shall  be  ori¬ 
ented  so  that  they  will  divide  the  internal  area  into  quad¬ 
rants.  One  thermocouple  shall  be  located  at  the  intersec¬ 
tion  of  the  two  lines.  Eight  thermocouples  shall  be  located 
in  sets  of  two  along  each  line  at  points  one  third  and  two 
thirds  of  the  distances  from  the  intersection  to  the  periph¬ 
ery.  Use  beadtype  thermocouples  not  larger  than  24 
AWO,  at  the  specified  locations. 

For  units  not  designed  to  preheat  combustion  air, 
locate  the  nine  thermocouples  in  a  plane  one  foot  from  the 
outlet  of  the  heater  and  in  the  configuration  described 
above.  ...  _. 

2.7  CombuHion  Meaturemenl  Inetrumentation.  The 
samples  of  stack  and  flue  gases  tor  vented  heaters  shall  be 
analyzed  to  determine  the  concentration  by  volume  of 
carbon  dioxide  present  in  the  dry  gas  with  instrumenta¬ 
tion  which  will  result  in  a  reading  having  an  acctiracy  of 
±3  percent. 

2.8  Energy  Flow  Inetrumentation.  Install  one  or  more 

energy  flow  instruments  to  measure  the  quantity  of  gas 
flow  or  fuel  oil  supplied  to  the  vented  beater,  and  electri¬ 
cal  energy,  if  appropriate,  with  an  error  no  greater  than 
one  percent.  ,  ....  ^ 

2.9  Room  Ambient  Temperature.  Maintain  the  tert 
room  at  an  ambient  air  temperature  between  65  F  and 
75°F.  Use  the  procedure  outlined  in  section  2.1.14  of 
ANSI  Standard  221.47-1973  to  measure  room  tempera- 

^fio  Equipment  Ueed  to  Meaeure  Maee  Flow  Rate  in 
Flue  and  Slack.  The  tracer  gas  chosen  for  this  task  should 
have  a  density  which  is  approximately  equal  to  the  den¬ 
sity  of  aft.  It  shall  be  of  different  chemical  species  or 
(Ufferent  concentration  from  the  flue  or  stack  gas  to  be 
measured  and  shall  bo  unreactive  with  the  environment 
to  be  encountered.  Instrumentation  used  to  measure  the 
concentration  of  tracer  gas  may  be  either  the  batch  or 
Continuous  type  with  an  accuracy  of  ±2%  of  the  value  of 
the  concentration  measured. 

3.0  TESTING  AND  MEASUREMENTS. 

3.1  Steady-State  Teeting 
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3.1.1  Oas  Fueled  Vented  Home  Heating  Equipment 
(not  included  direct  vent  systems). 

3.1.1.1  Stack  Gas  Temperature  and  COi  Measure¬ 
ments.  The  vented  heater  shall  be  set  up  as  specified  in 
sections  2.1,  2.2,  and  2.3.  Begin  the  steady-state  perform¬ 
ance  test  by  opiating  the  burner  and  the  circulating  air 
blower  with  the  adjustments  specified  in  2.4  and  2.5  until 
a  steady-state  temperature  is  attained  in  the  stack  gas  as 
measured  by  the  center  thermocouple  located  in  the  5 
foot  stack  as  specified  in  2.6.1  for  units  emplojing  in¬ 
tegral  draft  diverters. 

On  units  employing  integral  draft  diverters,  record 
the  steady-state  stack  gas  temperature  {T,.  u, »).  Measure 
a  sample  of  dry  stack  gasses  for  CO2,  (-Yco,,  s)  in  the 
plane  of  measurement  used  for  measuring  flue  gas  tem¬ 
perature  in  accordance  with  ANSI  Z21-48-1976,  section 
2.1.2.,  Z21-49-1975  section  2.1.2.,  Z21-11-1976  section  2.8, 
and  Z21-44-1973  section  2.1.1.  Measure  heat  input  rate 
(Qin)  including  the  pilot  input  and  the  electric^  power 
input  at  steady-state  conditions  and  record. 

The  steady-state  heat  input  rate  «Ji,)  including  pilot 
gu  shall  be  determined  by  multiplying  the  measured 
higher  heating  value  of  the  test  gas  by  the  steady-state 
gas  input  rate  corrected  to  standard  conditions  of  60°  F 
and  30  inches  of  mercury.  Measure  gas  input  temperature 
and  pressure  at  the  meter  and  the  barometric  pressure. 
Correct  the  metered  gas  flow  rate  to  standard  conditions 
of  60°  F  and  30  inches  mercury. 

Measure  the  steady-state  electric  power  to  the  cir¬ 
culating  air  blower  (BET)  and  to  the  power  burner  {PE) 
on  units  so  equipped  and  record  the  data. 

3.1. 1.2  Flue  (Jas  Temperature  and  COi  Measure¬ 
ments.  After  the  above  test  measurements  have  been 
completed  on  units  employing  integral  draft  diverters, 
the  5  to  5^  foot  long  black  iron  pipe  used  in  the  steady 
state  test  shall  be  removed,  the  draft  diverter  relief 
opening  shall  bo  blocked  and  a  2  foot  length  of  pipe 
installed  as  described  in  section  2.2.1.  A  single  bead -tvne 
thermocouple  not  larger  than  No.  M  AWO  shall  be 
located  in  the  center  of  the  flue  pipe  and  12  inches  frorn 
its  top.  After  equilibrium  conditions  are  again  achieved, 
as  indicated  by  changes  in  the  flue  gas  temperature  of 
not  more  than  5°  F  (2.8°  C)  between  readings  15  minutes 
apart,  the  steady-state  flue  gas  temperature  {Tr.•^ 
shall  be  measured  using  this  single  thermocouple  and  a 
sample  of  the  flue  gases  shall  be  taken  in  the  same  plane 
of  measurement.  The  sample  of  the  flue  gases  shall  be 
analyied  to  determine  the  concentration  by  volume  of 
COi  (Xco,.  f)  present  in  the  dry  flue  gas. 

On  units  not  employing  an  integral  draft  diverter,  the 
steady-state  flue  gas  temperature  shall  be  measured  in 
the  2  foot  long  flue  pipe  as  described  in  Section  2.6  and 
a  sample  of  the  flue  gas  shall  be  taken  in  the  plane  of 
measurement.  The  sample  of  flue  gases  sh^l  be  analysed 
to  determine  the  concentration  of  COj,  (Xco,.  f),  present 
in  the  dry  flue  gas. 

3.1.2  Vented  Wall  Furnaces  with  Direct  Vent  Sys¬ 
tems.  The  vented  heater  shall  be  set  up  and  adjusted  as 
specified  in  sections  2.1,  2.2.4,  2.3,  2.4,  2.5  and  2.6.  Flue 
temperature  (Tf.u)  and  COj  (Xcot,F)  measurements 
shall  be  performed  at  steady-state  conditions  as  pre¬ 
scribed  in  3.1.1.  with  the  following  exception: 

Temperature  measurements  shall  be  made  at  a  loca¬ 
tion  which  is  determined  by  the  design  provisions  of  the 
vented  heater  for  preheating  the  incoming  air  as  pre¬ 
scribed  in  section  2.6.3  for  thermicouple  location. 

3.1.3  011  Fueled  Vented  Home  Heating  Equipment 
(not  including  direct  vent  svsuhnsV  The  vented  heater 
shall  be  set  up  and  adjusted  as  specified  in  sections  2.1, 

2.2.3  and  2.3.4.  Begin  the  steady-state  performance  test 
by  operating  the  burner  and  the  circulating  air  blower 
with  the  adjustments  specified  by  2.4.2  and  2.5.1.  When 
steady-state  temperature  (Tr,..)  is  attained  in  the  fiue 
gas,  measure  the  averse  flue  gas  temperature  and  meas¬ 
ure  COt  (Xco,.  f)  in  a  sample  of  the  flue  gas  at  the 
location  described  in  figure  37.4  of  UL  8td.  896.  There 
shall  be  no  opening  between  the  heater  and  the  point 
where  the  flue  gas  sample  is  to  be  measured.  If  a  baro¬ 
metric  draft  relator  is  incorporated  in  the  heater,  it 
shall  be  sealed  during  all  tests. 

Measure  and  record  the  steady-state  heat  input  rate 
(Qio).  Measure  steady-state  electrical  power  to  the  air 
blower  {BE)  and  to  the  power  burner  {PE  )and  record 
these  data. 

3.2  Flue  Temperature  MeaeuremerUt—Cool  Down  Te$t. 

3.2.1  Vented  Home  Heating  Equipment  (not  includ¬ 
ing  direct  vent  dystems).  After  ste^y-stat49  testing  is 
completed,  all  units  shall  have  the  main  burner  turned 
off  and  the  flue  gas  temperature  measured  at  1.5 
(Tr.  OFF{«,))  and  9.0  {Tf,otf(io)  minutes  after  the 
burner  shuts  off.  Units  employing  stack  dampers  shall 
have  the  damper  control  by-passed  so  that  the  damper 
remains  open  during  the  cool  down  test.  During  this 
off -period  the  indoor  air  circulating  blower  shall  be  made 
to  operate  during  the  first  three  minutes  of  the  off  period 
and  shall  then  be  turned  off  unless  the  vented  heater 
employs  a  single  motor  to  drive  a  power  burner  and  an 
indoor  air  circulating  blower  in  which  case  both  shall  be 
turned  off  together.  The  main  burner(s)  shall  remain  off 
until  equilibrium  conditions  are  attained,  as  indicated 
by  temmrature  changes  in  the  flue  gas  of  not  more  than 
3°F  (2.8°C)  between  readings  15  minutes  apart.  For  units 
employing  a  continuously  burning  pilot  light,  a  third 
flue  gas  temperature  measurement  shall  then  be  made  to 
determine  the  off-period  minimum  flue  gas  temperature 
{Tf.  orrios)).  For  units  not  employing  a  continuously 
burning  pilot  light ,  Tf.  off  ( 00  >  is  assumed  to  equal  70°  F 
(21.1°C).  During  this  cool  down  test,  the  energy  input 


rate  to  the  pilot  light  ((}»),  if  the  unit  is  so  equipped,  shall 
also  be  measured  to  within  an  accuracy  of  d:3%.  Becord 
ail  measured  values. 

3.2.2  Vented  Home  Heating  Equipment  with  Direct 
V'ent  Systems.  After  steady-state  testing  has  been  com¬ 
pleted,  turn  the  main  burner  off  and  measure  the  flue 
gas  temperature  at  1.5  (Tf,  off(i,))  and  9.0  (Tf.  off(,i)) 
minutes  after  the  burner  is  shut  off  using  nine  bead-type 
lueruiocouples,  not  larger  than  24  AW  U,  in  the  locations 
preocrioed  in  section  2.6.3.  During  this  off-period,  the 
indoor  air  circulating  blower  shall  be  made  to  op^te 
during  the  urst  3  minutes  of  the  off-period  and  shall  then 
ue  shut  off  unless  the  vented  heater  employs  a  single 
motor  to  drive  a  power  burner  and  an  indoor  air  circiua- 
ing  blower,  in  which  case  both  shall  be  turned  off.  The 
lUttin  burnercs)  shall  remain  off  until  equilibrium  con¬ 
ditions  are  attained,  as  indicated  by  changes  in  the  flue 
gas  temperature  of  not  more  than  3°F  (2.8°C)  between 
readings  15  minutes  ai^rt.  For  units  employing  a  con- 
tinously  burning  pilot  light,  a  third  ilue  gas  temperature 
measurement  shall  then  be  made  to  determine  the  off- 
period  minimkim  flue  gas  temperature  (Tf.off  (CO)).  For 
units  not  employing  a  continuously  burning  pilot  light 
(Tf.  off.  (00 ))  is  assumed  to  equal  70°  F  (21.1°  C).  Dunng 
this  cool  down  test,  the  energy  input  rate  to  the  pilot 
light  (Qo),  if  the  unit  is  so  equipped,  shall  also  be  meas¬ 
ured  to  within  an  accuracy  of  Record  all  measured 
values.  If  a  vented  heater  with  a  direct  vent  system 
employs  an  automatic  stack  damper,  it  shall  be  closed 
during  this  cool  down  test. 

3.3  Flue  Oat  Temperature  Meaiurementt  Heat  Up 
Tett  for  Vented  Home  Heating  Equipment.  After  equik- 
brium  conditions  are  achieve  following  the  (woldown 
test  and  the  required  measurements  performed,  the 
vented  beater  sh^  be  turned  on  and  the  flue  gas  tem¬ 
perature  measured  at  the  locations  specified  in  section 
3.2  of  this  Appendix,  at  0.5  (Tf,  onoi)  and  2.5  (Tf  onco) 
minutes  after  the  main  bumer(s)  (ximes  on.  The  indoor 
air  circulating  fan  shall  rem^n  off  during  the  first  1.5 
minutes  of  {ms  warm  up  test  and  shall  then  be  turned  on 
unless  the  vented  beater  employs  a  single  motor  to  drive 
a  power  burner  and  an  indoor  air  circulating  blower,  in 
which  case  both  shall  be  started  together.  Record  the 
measured  tempwaturea.  Vaporizing  type  oil  burners 
need  not  have  this  test  performed. 

3.4  Jacket  Lou  Meaiurement.  A  Jacket  loss  test  is 
specified  only  for  vented  floor  furnaces.  Measure  the 
Jacket  loss  (Li)  in  accordance  with  the  ANSI  standard 
Z21.48-1976  Section  2.12.  and  record  the  total  Jacket  loss 
and  the  ambient  room  temperature  duringthe  test. 

3.5  Meaturement  for  Determining  Effeeticeneu  of 
Automatic  Stack  Damper.  The  effectiveness  of  an  auto¬ 
matic  stack  damper  (D.),  in  vented  heaters  so  equipped, 
shsfil  be  determined  by  measuring  the  cross  sectional 
area  of  the  stack  (As),  the  net  area  of  the  damper  plate 
(Ad)  (the  area  of  the  damper  plate  minus  the  area  of 
any  holes  in  the  plate),  and  the  angle  Q  which  is  the 
angle  the  damper  plate  makes  when  closed  with  a  plane 
perpendicular  to  the  axis  of  the  stack.  The  equation  in 
section  4.2  is  then  employed  to  calculate  Dt. 

3.6  Meaturement  for  Determining  Dp  for  Syttemt 
Equipped  with  Power  Burner*.  On  power  burner  systems 
not  employing  automatic  stack  dampers  or  power  burner 
systems  with  a'  stack  damper  and  an  integral  draft 
(Uverter,  the  flue  gas  temperature  during  the  off-period 
(Tf  off)  may  measured  during  the  cool-down  test 
described  in  section  3.2.  The  procedures  to  be  used  for 
measuring  (Tf.  off)  are  described  below. 

On  systems  equipped  with  both  power  burners  and 
stack  dampers,  and  not  employing  an  integral  <uaft 
diverter.  Dp  (the  ratio  of  the  rate  of  flue  gas  m^  flow 
through  the  vented  heater  during  the  off-peri<m  fo  the 
rate  of  flue  gas  mass  flow  throuFh  the  vented  heater 
during  the  on-period)  shall  bo  measured  during  a  separate 
cool-down  test.  This  separate  co<»l-down  te^  s^l  be 
conducted  after  the  warm-up  test  described  in  Section 
3.3  for  determining  the  on-period  flue  gM  temperature. 
It  shall  be  conducted  by  letting  the  unit  run  after  the 
warm-up  test  is  completed  until  steady-state  conditions 
are  reached,  as  indicated  by  temperature  chaises  in  the 
flue  gas  or  not  more  than  plus  or  minus  5°  F  (2.8^  C) 
between  readings  15  minutes  apart,  and  then  shutting 
the  unit  off  with  the  stack  dam^r  controls  by-passed  or 
adjusted  so  that  the  stack  damper  remains  open  during 
the  resulting  cool-down  period.  If  a  draft  was  maintained 
in  the  flue  during  the  steady  state  performance  test 
described  in  Section  3.1  the  same  draft  (within  ±0.01 
inches  of  water  gauge  of  the  average  value  meagre 
during  the  steady-state  tests)  shall  be  maintained  during 
this  cool-down  period.  .  j 

The  flue  gas  mass  flow  rate  during  the  off-period 
{mr,  off)  may  be  measured  at  a  specific  <)fl-period  flue 
gas  temperature  and  then  corrected  to  obtain  its  value  at 
a  flue  gas  temperature  at  steady-state  (Tf,  ss),  using  the 
procedure  described  below. 

Within  one  minute  after  the  unit  is  shut  off  to  start  the 
cool  down  test  for  determining  Dr,  begin  feeding  a  tracer 
gas  into  the  combustion  chamber  at  a  constant  flow  rate 
of  Vt,  and  at  a  point  which  will  allow  for  the  b^t  pos¬ 
sible  mixing  with  the  air  flowing  through  the  chamber, 
(in  units  equipped  with  an  oil  fueled  power  burner,  the 
best  l(Kation  for  injecting  this  tracer  gas  is  through  a  hole 
drilled  in  the  air  tube.  The  value  of  shall  l^  periodi 
cally  measured  with  an  instantaneously  riding  flow 
meter  having  an  accuracy  of  ±3  percent  of  the  quMUty 
measured  and  shall  be  less  than  1  ptacent  of  tto  air  flow 
rate  through  the  vented  heater.  If  a  comkustible  tra^ 
gas  is  used,  there  should  be  a  delay  period  between  the 


time  the  unit  is  shut  off  and  the  time  the  tracer  gas  is 
iist,  injected  to  prevent  ignition  of  the  tracer  gas. 

Between  5  and  6  minutes  after  the  unit  is  shut  off  to 
start  the  (xwl-down  test,  the  percent  volumetric  concen¬ 
tration  of  tracer  gas,  Cr,  in  the  flue  gas  and  the  flue  gas 
temperature,  Tf.  off,  shall  be  measured  in  the  center  of 
the  flue  pipe  on  the  vented  heater  side  of  the  draft  regula¬ 
tor  and  not  more  than  12  inches  from  the  heater  flue-gas 
outlet.  In  addition,  the  barometric  pressure,  Pb,  shall 
also  be  determined.  A  single  bead-type  thermcxouple, 
not  larger  than  No.  24  AWO,  shall  be  used  to  make  the 
temperature  measurement.  The  concentration  of  tracer 
gas  shall  be  obtained  using  an  instrument  which  will 
result  in  an  accuracy  of  ±2  percent  in  the  value  of  Cr 
measured  and  may  be  either  a  batch  or  continuous  read- 
ng  type  instrument.  U  the  sampling  arrangement  for  the 
Unsirument  results  in  a  delay  time  uet ween  the  drawing 
of  a  sample  and  its  analysis,  this  delay  should  be  taken 
into  account  so  that  the  temperature  measurement  and 
the  measurement  of  tracer  gas  concentration  coincide. 

The  rate  of  the  flue  gas  mass  flow  through  the  vented 
heater  and  the  fMtors  Dp,  Dp,  and  Ds  are  calculated  by 
the  equations  in  sections  4.3.1,  4.3.2  and  4.3.3  of  this 
Appendix.  ^ 

4.0  CALCULATION  OF  DERIVED  RESULTS 
FROM  TEST  MEASUREMENTS. 

4.1  Annual  Fuel  Utilization  Efficiency  for  Oat  or  Oil 
Vented  Home  Heating  Equipment.  The  following  calucla- 
tions  are  to  be  performed  to  determine  the  annual  fuel 
utilization  efficiency  of  gas  or  oil  vented  home  heating 
equipment.  Figure  10  provides  an  illustration  of  a  work¬ 
sheet  which  may  be  used  to  tabulate  the  results  of  test 
measurements  and  calculations. 

4.1.1  System  number.  Determine  the  system  number 
for  the  type  of  vented  heater  being  tested  in  accordance 
with  Table  1  or  2. 

4.1.2  Ratio  of  combustion  air  mass  flow  rate  to 
stoichiometric  air  mass  flow  rate.  Determine  the  ratio 
of  combustion  air  mass  flow  rate  to  stoichiometric  air, 
mass  flow  rate,  Rr.r,  from  Figure  1  for  the  test  fuel,  by 
using  the  value  of  dry  flue  gas  COi  concentration, 
XeOf.  r,  determined  in  accordance  with  section  3.1  of 
this  Appendix. 

4.1.3  Ratio  of  combustion  and  relief  air  mass  flow 
rate  to  stoichiometric  air  mass  flow  rate.  For  systems 
1,  2,  5,  or  6,  employing  an  integral  draft  diverter,  deter- 
r^ne  the  ratio  of  the  sum  of  combustion  and  iH'ef  air 
mass  flow  rate  to  stoichiometric  air  mass  flow  rate  Rt,b, 
from  Figure  1  for  the  type  of  tost  fuel,  by  using  the  value 
of  dry  stack  gas  COi  concentration,  Xco  ,.s,  determined 
in  accordance  with  section  3.1  of  this  Appendix. 

4.1.4  Average  sensible  heat  loss  at  full-load  steady 
state  operation.  For  systems  1,  2,  5,  or,  6,  employing  an 
integral  draft  diverter,  determine  the  average  sensible 
heat  loss  at  full-load  steady-state  operation,  Lsm.a, 
expressed  as  a  percent,  from  Figure  2  using  the  value  of 
Rt.b  determined  in  4.1.3,  the  type  of  tost  fuel,  and 
A  Tbm,  where 


A  T8,ss=  Ts.  as,  1—70, 

Ts.ss.x=measured  stack  gas  temperature  at  full-load 
steady-state  operation  determined  in  ac¬ 
cordance  with  section  3.1  of  this  Appendix, 
in  degrees  Fahrenheit 

70  =  assumed  indixir  average  (xmdltioned  air 

temperature,  in  degrees  Fahrenneit 
For  systems  3,  4,  or,  7  through  12,  determine  the  average 
sensible  heat  loss  at  full-load  steady-state  operation, 
La.ss.A,  expressed  as  a  percent;  from  Figure  2  using  tlM 
value  of  Rr.r  determined  in  4.1.2,  the  type  of  test  fuel, 
and  aTfm, 
where 

A  Tr,  BS=  Tf,  ss— 70 

TF.ss=flue  gas  temperature  at  full-load  steady-state 
operation  determined  in  accordance  with  section 

3.1  of  this  Appendix,  in  degrees  Fahrenheit. 

70  =as  defined  above 

4.1.5  Steady-state  efficiency.  Calculate  the  steady 
state  efficiency  (excluding  Jacket  loss),  nas,  expressed  in 
percent  and  defined  as 


where 

Ll.a 


vsa 


=  100  —  ^L,  A  —  7/s.  ss,  A 


= average  latent  heat  loss  of  the  test  fuel  deter¬ 
mined  in  accordance  with  Table  3,  in  percent. 

La.8s.A=as  defined  in  4.1.4. 

4.1.0  Average  ratio  of  stack  gas  mass  flow  rate  to  flue 
gM  mass  flow  rate  at  full-load  steady-state  operation. 
Determine  the  average  ratio  of  stack  gas  mass  flow 
rate  to  flue  gas  mass  flow  rate  at  full-load  steady-state 
operation,  S/r,  from  Table  1  or  2  for  the  system  number 
to  be  tested.  ^  ^ 

4.1.7  Equivalent  Held  stack  gas  temperature  at  hul¬ 
lo^  steady-state  operation.  Calculate  the  equivalent 
fiela  stack  gas  temperature  at  full-load  steady-state 
operation,  Ta.aa,  expressed  in  degrees  Fahrenheit  and 
defined  as: 

Ta.aa=^^  [Tf.  35-701+70, 

where 

Tf.  as  as  defined  in  4.1.4 

70  as  defined  in  4.1.4 

S/f  as  defined  in  4.1.6 

4.1.8  On-cycle  time  constant.  Calculate  the  on-cycle 
-time  constant,  t,„  expressed  in  minutes  and  defined  as^ 
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ti—ti 


Tr,Ba—Tp,  ondi) 

Tp.  S3—  Tp.  on(tj) 


] 


where 

<1  ^0.5  minutes 

ti  =‘2.5  minutes 

Tr.oado^flue  gas  temperature  measured  at  time  (fi) 
from  a  cold  start-up  of  the  system  burner 
determined  in  accordance  with  section  3.3 
of  this  Appendix,  in  degrees  Fahrenheit 
Tr,  on  (i,)»flue  gas  temperature  measured  at  the  time 
((i)  from  a  cold  start-up  of  the  system 
burner  determined  in.  accordance  with 
section  3.3  of  this  Appendix,  in  degrees 
Fahrenheit 

Tr.sa  =as  defined  in  4.1.4 
For  vaporizing  typo  oil  burners,  to.=0. 

4.1.9  Effective  gas  temperature  difference  at  start-up. 
Calculate  the  effective  flue  gas  temperature  difference  at 
start-up  of  the  system  burner,  Or,o,z,  expressed  in 
degrees  Fahrenheit  and  defined  as: 

Ji_ 

o,  x=  [Tp,  as  —  Tp,  on(^i)] 

where: 

Tp,  m  as  defined  in  4.1.4 

7'r,on((i)  as  defined  in  4.1.8 
(i  as  defined  in  4.1.8 

OB  as  defined  in  4.1.8 

For  vaporizing  type  oil  burners,  Sr,  o,  x=0. 

4.1.10  Off-cycle  time  constant.  Calculate  the  off-cycle 
time  constant.  Toft,  expressed  in  minutes  and  defined  as 


TOFF  = 


fi  —  to 


r  OFF  «j)  —  Tr ,  OFF  (00  )”j. 
,  OFF  (I4)  —  Tp,  OFF  <oo)  J 


where 


(1=1.5  minutes 
(4=9.0  minutes 

Tp,  orr(i|)=fiue  gas  temperature  measured  at  time 
((i)  after  shut-down  from  steady-state 
operation  of  the  system  burner  deter¬ 
mined  in  accordance  with  section  3.2  of 
this  Appendix,  in  degree  Fahrenheit 

Fr,  orr(  >4)= fine  gas  temperature  measured  at  time 
((4)  after  shut-down  from  steady-state 
«  operation  of  the  system  burner  deter¬ 

mined  in  accordance  with  section  3.2  of 
this  Appendix,  in  degree  Fahrenheit. 

4.1.11  Effective  flue  gas  temperature  difference  at 
shut-down.  Calculate  the  effective  fiue  gas  temperature 
difference  at  shut-down  of  the  system  burner,  ♦r.  o  x, 
ezpressed  in  degrees  Fahrenheit  and  defined  as: 


^F.  o.  X  —  Tp,  off(^)  —  Tp,  off(  ® 
where 

Tp,  orr((i)  as  defined  in  4.1.10 
7r,  off(<>>)  as  defined  in  4.1.10 
(1  as  defined  in  4.1.10 

Colt  as  defined  in  4.1.10 

4.1.12  Minimum  fiue  gas  temperature  difference  above 
room  temperature.  Calculate  the  minimum  flue  gas 
temperature  difference  above  tootxi  temperature, 
*r,  00,  r,  expressed  in  Fahrenheit  and  defined  as: 


where 


00,  x  —  Tp,  off(  ® )  —70, 


Tp,  opp(<^)  as  defined  in  4.1.10 
70  as  defined  in  4.1.4 


4.1.13  Minimum  stack  gas  temperature  difference 
above  room  temperature.  Calculate  the  minimum  stack 
gas  temperature  difference  above  room  temperature, 
4'8.od.x  expressed  in  degrees  Fahrenheit  and  defined  as: 
For  systems  munbered  14 


♦S,  OB.  x  = 


where 


[Dr)  (’^f.qb.x) 
iSlp)(Ds) 


i)r=off-cycle  flue  gas  draft  factor  selected  bom 
Table  1,  for  units  with  power  burners  where 
Dp  is  measured,  determined  in  accordance 
with  section  4.4.2  of  this  Appendix,  in  degrees 
Fahrenheit. 

Z)s=ofl-cycle  stack  gas  draft  bctor  selected  from 
Table  1,  or,  fbr  imits  with  power  burners 
where  Dp  is  measured,  determined  in  accord¬ 
ance  with  section  4.4.3  of  this  Appendix,  in 
degrees  Fahrenheit. 

S/p=aa  defined  in  4.1.6 
4’F.oo.x=as  defined  in  4.1.62 
(or  systems  numbered  5-8: 


^3,  OB,  X='lfp,  OB,  X 

where 

i’P.oo.x  as  defined  in  4.1.12 

4.1.14  Effective  stack  gas  temperatiure  difference  at 
shut-down.  Calculate  the  effective  stack  gas  temperature 
difference  at  shut-down,  4's.o.x  exprwsed  in  degrees 
Fahrenheit  and  defined  as: 

(or  systems  numbered  1-4: 

yb  —(Dr)  (^F.  O,  x) 
(S/p)(Ds) 


where 

Dp 

‘I'P.O.X 

S/p 
Da 


as  defined  in  4.1.13 
as  defined  in  4.1.11 
as  defined  in  4.1.13 
as  defined  in  4.1.13 


for  systems  munbered  5-8: 


where 


o.  X  =  'J'F,  o.  X 


'J'f,  o.  X  as  defined  in  4.1.11 


4.1.15  Correction  ftetors  for  direct  vent  systems. 
Calculate  a  correction  ftetor  which  correct  for  the  use 
of  outdoor  air  for  combustion  instead  of  air  at  room 
temperature,  Ca,  defined  as 

C  — 1  I  (70— 42)7;a8 

^  ''’(7’,.ss-70)  100 

where 

:  42  =  average  outdoor  temperatiue  corresponding  to 
5200  degree  day  location,  in  degrees  Fahrenheit 
vu  as  defined  in  4.1.5 
Tp  as  defined  in  4.1.4 
70  as  defined  in  4.1.4 

The  correction  foctor  which  corrects  for  the  effect  of 
outdoor  air  passing  through  the  heat  exchanger  during 
the  off-period,  C's,  defined  as: 

C'a=1.22 

4.1.16  Multiplication  factor  for  sensible  beat  loss 
during  burner  on-cycle.  Calculate  a  multiplication  factor 
for  sensible  beat  loss  during  burner  on-cycle,  Ka.on 
defined  as: 

^  _100  Cp[l-l-(i2r,F)(^/F)l 

ivfl.  OB-  HHVa 

Where 

Ci>= 0.24  Btu  per  pound-degree  Fahrenheit,  specific 
heat  of  air  as  defined  in  4.1.2 

Rt,p 

A/r= stoichiometric  a^fuel  ratio  determined  in 
accordance  with  Table  3 

HHVx=average  higher  heating  value  of  the  test  fuel 
determined  in  accordance  with  Table  3,  in 
Btu’s  per  poimd. 

4.1.17  Multiplication  factor  for  sensible  heat  loss  dur¬ 
ing  burner  off-cycle.  Calculate  a  multiplication  foctor  for 
sensible  heat  loss  during  burner  off-cycle,  Ka,opp,  defined 
as: 

for  systems  numbered  1-4: 


Ka,  oFF= 


(rF,83  +  460)>  l»(7)F)(gs.  on) 

(T,.m-70)'>“ 


where 

460= conversion  foctor  to  convert  degrees  Fahren¬ 
heit  to  degrees  Rankine 
Tp,aa  as  defined  in  4.1.4 
70  as  defined  in  4.1.4 
Dp  as  defined  in  4.1.13 
Ka,on  as  defined  in  4.1.16 
for  systems  numbered  5-8: 

r.  _  (Ts.  5s-h460)>  «  [Da)  (Sip)  (Ka.  «) 
As.  OFF  (Ta.ss-42)»  « 

wli6rD  * 

TskM  as  defined  in  4.1.7  , 

Da  as  defined  in  4.1.13 
S/p  as  defined  in  4.1.6 
Ka,on  as  defined  in  4.1.16 
460  as  defined  in  4.1.17 
42  as  defined  in  4.1.15 
for  systems  numbered  9-12: 


Ka 


(Ta.  a3+460y-^HDr)  ( As.  «.) 
(Ts.  ss-42)»-» 


where 

Ta,  aa  as  defined  in  4.1.7 

Dp  as  defined  in  4.1.13 

Ka,  on  as  defined  in  4.1.16 

460  as  defined  in  4.1.17 

42  as  defined  in  4.1.15 

4.1.18  Multiplication  foctor  for  infiltration  loss  during 
burner  on-cycle.  Calculate  a  multiplication  foctor  for 
infiltration  loss  during  burner  on-cy^,  Ki,  bb,  defined 
as: 

for  systems  numbered  1-18: 

Ki,o.=  (*)(S/p)(Ka.oa) 


where 

«  =0.7  infiltration  parameter 

8/p  as  defined  in  4.1.6 
Ka,  on  as  defined  in  4.1.16 

4.1.19  Multiplication  foctor  for  infiltration  loss  during 
burner  off-cycle.  Calculate  a  multiplication  foctor  for 
infiltration  loss  during  burner  off-cycle  Ki,  on,  defined 
as: 

for  systems  numbered  1-8: 


_(Tg.  ss+460)‘  w  (Ar. 

K-I,  OFF  == - 


.)  (Da) 


Ta.  ss-42)»-« 

where 

Ta,  aa  as  defined  in  4.1.7 

460  as  deflii^  in  4.1.17 

42  as  defined  in  4.1.15 

Ki,  on  as  defined  in  4.1.18 

Da  as  defined  in  4.1.13 

4.1.20  Ratio  of  average  burner  on-time  per  cycle  to 
on-cycle  time  constant.  Calculate  the  ratio  of  average 
burner  on-time  per  cycle  to  on-cycle  time  constant, 
Too/too,  defined  as: 

tan 


where 

(•b=3.87  minutes,  the  average  burner  on-time  per 
cycle,  based  on  5  cycles  per  hour  at  half  load. 

rm=as  defined  in  4.1A 

4.1.21  Ratio  of  average  burner  off-time  per  cycle  to 
off-cycle  time  constant.  Calculate  the  ratio  of  average 
burner  off-time  per  cycle  to  off-cycle  time  constant, 
To/r/rotf,  defined  as: 

toff 

Toff 

where 

(sfi=13.3  minutes,  the  average  burner  off-time  per 
cycle,  based  on  5  cycles  per  hour  at  half  load. 

ra(f=as  defined  in  4.1.10 

4.1.22  Effective  flue  gas  temperature  difference  at 
burner  start-up,  correct  for  burner  cycling  effect. 
Calculate  the  effective  flue  gas  temperature  (ufference 
at  burner  start-up,  corrected  for  burner  cycling  effect, 
Sp,o.  expressed  in  degrees  Fahrenheit  and  denned  as: 
when 

(ton/Ton)  ^  (toffiToff) 
for  systems  numbered  1-8: 

©F,  0  =  ©F,  O,  X 
for  systems  numbered  9-12: 

Of,  0=  (Cs)  (Of,  o,  x) 

(tool Ton)  (toff  I  Toff)  J 

for  systems  numbered  1-8: 


when 


r.o  =  ep,o,x{l-e  "•») 
for  ^sterns  numbered  9-12: 

Of,  0=  (Cs)  (Ojp,  o,  X 


Of, 


where 

ton/Ton)  as  defined  in  4.1.20 

totf/Totf  as  defined  in  4.1.21 

6r,o.  X  as  defined  in  4.1.9 

Ca  as  defined  in  4.1.15 

4.1.23  Effective  flue  gas  temperature  difference  at 
burner  shut-down,  corrected  for  burner  cycling  effect. 
Calcuiate  the  effective  flue  gas  temperature  difference 
at  burner  shut-down,  corrected  for  burner  cycling 
effect,  4’F.o, 
when 

(ton!  Ton  ^  (toff  !  Toff)  • 

for  systems  numbered  1-8: 


(i-rfe) 


^p,  o=('9r,  o,x) 
for  systems  numbered  0-12: 

'*r.o  =  (C’a)  (^P.  o,  x)  (l-e 
where 

(ton/Ton)  (toff/Toff) 

for  systems  numbered  1-8: 

♦f.  O  =  ♦f.  O.  X 
for  systems  numbered  9-12: 

♦f.  o=(C's)(4's.  o,  x) 
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where 

Uii/ToU 
4'r.o.  X 

Cb 


as  defined  in  4.1^ 
as  defined  in  4.1.21 
as  defined  in  4.1.11 
as  defined  in  4.1.15 


)  (F5, 


4.1.24  EffertiTe  minimuni  fine  gas  temperature  dif¬ 
ference  above  room  temperature,  corrected  for  burner 
cydhig  effect.  Calculate  the  effective  minimum  flue  gas 
tmptaature  difference  above  room  temperature,  'i'e.a>, 
corrected  for  burner  cycling  effect,  expressed  in  degrees 
Fahrenheit  and  defined  as: 

for  systems  numbered  1-fi: 

♦f.  «,  =  *F.  0D,I 

for  systems  numbmd  9-12: 

♦f.  OB  =  (Cs)  (♦f,  OB,  x) 

where 

C*s  as  defined  in  4.1.15 
'tr.m.x  as  defined  in  4.1.12 

4.1.25  Effective  stark  gas  temperature  difference 'at 
burner  shut-down,  corrected  for  biuner  cycling  effect. 
Calculate  the  effective  stack  gas  temperature  difference 
at  burner  shut-down,  corrected  for  burner  cycling  effect, 
fs.o,  exinessed  in  degrees  Fahrenheit  and  defined  as: 

when 

(^on/von)  ^  (^off/xoff) 


for  systems  numbered  1-fi: 


when 


o=  o.  X  (l -e 
(fon/von)  ^  (^off/voff) 


ha.  OFF  =  (  OFF 


where 

Ks.orr  as  defined  in  4.1.17 

(off  as  defined  in  4.1 .21 

too  as  defined  in  4.1.20 

F3,  F4,  F5,  and  F6  as  defined  in  4.1.26 
ifr.oB  as  defined  in  4.1.24 

4.1.30  On-cycle  infiltration  beat  loss.  Calculate  the 
on-cycle  infiltration  heat  loss  of  the  system,  Lr,oN, 
expressed  in  percent  and  defined  as: 

for  systems  numbered  1-8: 

hi,  ON=^/.  ON  (70  —  42), 

where 

Kr,oN  as  defined  in  4.1.18 
70  as  defined  in  4.1.4 
42  as  defined  in  4.1.15 

for  systems  numbered  9-12: 

hr.  ON  =0 

4.1.31  Off-cycle  infiltration  heat  loss.  Calculate  the 
off-cycle  infiltration  heat  loss  of  the  system  Li,  orr, 
expressed  in  percent  and  defined  as: 

for  systems  numbered  1-8: 

hi.  OFF  =  ^^/.  OFF 


vb  =as  defined  in  4.1.32 
Qf  =as  defined  in  4.1.32 
<^N  •^as  defined  in  4.1.32 

4.2  Additional  RequirerntrUt  for  Vented  Home  Heating 
Equipment  Vtitizing  a  Stack  (or  Flue)  Damper.  Calculate 
the  stack  (or  flue)  damper  effectiveness,  D„  defined  as: 

when  Ad  cos  Q>0.59  .i4s: 


.[,_4£ 


COS  01* 


(70-42)  (F7) 


For  systems  numbered  1-8: 


when 


il>a.o='t'a.o.x  ( 1 — e 
^ob/^ob  X^olf/xoff) 


for  systems  numbered  1-8: 

♦s,  o=4'a,  o.x 

when 

tojTom  as  defined  in  4.1.20 
(oit/fori  as  defined  in  4.1.21 
*3,0,1  as  defined  in  4.1.14 

4.1.26  Off-cycle  sensible  heat  loss  integration  factors. 
For  systems  numbered  1-4,  determine  off-cycle  sensible 
heat  loss  integration  factors,  F3  and  F4,  from  Figures  3 
and  4,  respectively,  using  values  of  *r.o  defined  in  section 
4.2.23,  and  (aif/roft  defined  in  section  4.1.21. 

For  systems  numbered  5-12,  determine,  off-cycle 
sensible  heat  loss  integration  factors,  F5  and  ^m 
Figures  5  and  6,  respectively,  using  values  of  *e.o  de¬ 
fined  in  section  4.1.23,  and  (ctc/Tsii  defined  in  section 
4.1.21. 

4.1.27  Off-cycle  infiltration  heat  loss  integration 
factors.  Fot  systems  numbered  1-8,  determined  off- 
cycle  infiltr^on  heat  loss  integration  foctors,  FI  and 
F8,  from  Figures  7  and  8,  respectively,  using  values  of 
'i'8.0  defined  in  section  4.1.25,  and  (Btt/rofi  defined  in 
section  4.1.21. 

4.1.28  On-cycle  sensible  heat  loss.  Calculate  the  on- 
cycle  sensible  beat  loss  of  the  system,  Lb.on.  express^ 
in  percent  and  defined: 

for  systems  numbered  1-8: 
ha,  on=ha.  aa 

—  (F'a.  on)  (0F, o)  — )  (l— «  > 

for  systems  numbered  9-12: 
ha.  oN=  (Ca)  (ha.aa.x) 

—  (F^a,  on)  (©F,  o)  (l— c 

where 

Gs  as  defined  in  4.1.15 
la,  aa,  A  aa  defined  in  4.1.4 
iCi,oN  as  defined  in  4.1.16 
Or.o  as  defined  in  4.1.22 
Wra.  as  defined  in  4.1.20 

4.1.29  Off-cycle  sensible  heat  loss.  Calculate  the 
off-cycle  sensible  beat  loss  of  the  system.  La,  orr,  ex¬ 
pressed  in  percent  and  defined  as: 

for  systems  numbered  1-4: 


+  (♦5.  OB.  x)  (F8) 

where 

Kt,  orr  as  defined  in  4.1.19 
70  as  defined  in  4.1.4 
42  as  defined  in  4.1.15 
toff  as  defined  in  4.1.21 
(oB  as  defined  in  4.1 .27 
F7,  FS  as  defined  in  4.1.27 
'i'g.oB.x  as  defined  in  4.1.13 

(or  systems  numbered  9-12: 

hi.  OFF  =0 

4.1.32  Part-load  fuel  utilisation  eflSciency.  Calculate 
the  part-load  fuel  utilization  efficiency,  expressed  in 
percent  and  defined  as: 

for  indoor  units— 


Aa 

when  Ad  cos  Q<  0.50  Aa'. 

Do=l, 

where 

/ls=cross  sectional  area  of  the  stark  determined  in  ac¬ 
cordance  with  section  3.5  of  this  Appendix,  in 
square  inches 

Ao=net  area  of  the  damper  plate  determined  in  ac¬ 
cordance  with  section  3.5  of  this  Appendix,  in 
square  inches 

O^the  angle  the  damper  plate  makes  when  closed 
with  a  plane  perpendicular  to  the  axis  of  the  stack 

4.3  Addition<d  Requirementa  for  Vented  Home  Heating 
Equipment  Utilizing  Indoor  Air  for  Combuation  and  Draft 
Control.  For  units  obtaining  combustion  air  and  draft 
control  air  from  inside  the  residence,  the  appropriate 
foctor  describing  the  ration  of  on-cycle  stack  now  to  on- 
cycle  flue  flow  (S/F),  the  ratio  of  off-cycle  flue  flow  to 
on-cycle  flue  flow  at  identical  temperatiues  (Dr),  and- 
the  ratio  of  off-cycle  stack  flow  to  on-cycle  stack  flow  at 
iedntical  temperatures  (Da)  shall  be  determinisd  from 
Table  2. 

4.3.1  Optional  procedure  for  determination  ot-Dp  for 
vented  home  heating  equipment  employing  a  power 
burner.  Calculate  the  ration  (Dr  ',  of  the  rate  of  flue  gas 
mass  flow  through  the  vented  heater  during  the  off 
period,  mr,orr  (Tpm),  to  the  late  of  flu'^  gas  mass  flow 

during  the  on-period,  mr,aa  (T/,.^),  and  defined  as: 


q«  =  100— Ll.  A  — 


<00+77^  Uoit) 


X  [ha.  ON  -{-ha.  OFF  +^'/.  ON  +^'7.  off]  I 


for  vented  floor  furnaces 


IJb — 100 —  hi,^  A  —  Ci(,h,)  — 


<on+ 


m 


(tolf) 


X  [  ha.  ON  -^ha.  OFF -\-hi.  ON  +•£</,  off] 


where 

C, 

Qe 


ha.  OFF  =  ( Ka,  off) 


=3.3  for  vented  floor  furnaces 
= pilot  flame  fuel  input  rate  determined  in 
accordance  with  section  3.2  of  this  Appendix 
in  Btu’s  per  hour 
Qin  =  full-load  input  rate  (including  pilot  flame 
fuel  input  rate)  determined  in  accordance  with 
section  3.1  of  this  Appendix,  in  Btu’s  per  hour 
Lj  =]acket  loss  determined  in  accordance  with 
section  3.4  of  this  Appendix,  in  percent 
Ll.a  as  defined  in  4.1.5 
foB  as  defined  in  4.1.20 

tou  as  defined  in  4.1.21 

As. ON  as  defined  in  4.1.28 
As. OFF  as  defined  in  4.1.29 
Ai.on  as  defined  in  4.1.30 
Ai.off  as  defined  in  4.1.31 
4.1.33  Annual  fuel  utilization  efficiency.  Calculate  the 
annual  fuel  utilization  efficiency,  EFFYa,  defined  as 
where 

EFFYa 

_  (>fss)  (»?u)  (5200) _ 


(qss)  (5200)-f  (2.5)  (q.)  (1^)  (1.7)  (4600) 


where 

5200 


for  systems  numbered  5-12: 


+  (’*'f..)(F4), 


the  average  number  of  annual  heating  degree 
days  for  the  United  States 
4600= the  average  number  of  non  heating  season  hours 
per  year  that  the  energy  to  the  pilot  light  is 
assumed  wasted 

1.7  =  average  vented  heater  sizing  factor 
qss  =as  defined  in  4.1.5 


Z)f  = 


where 


Wf,  off  {Tr,  aa) 
rn.r.  aa  {Tr.  aa) 


wiF,  OFF  ( Tr.  aa)  =  fnr.  off  (  Tr.  off) 

X  r  Tr.aa -42  1«  «»  rTF.  oFF+460-|»  » 

LT’f,  off— 42J  L 


7’f,ss+460  J 


where 


Tr,  as  as  defined  in  4.1.4 
Tr,  OFF = flue  gas  temperature  during  the  off- 
period  measured  in  accordance  with 
section  3.6  of  this  Appendix,  in  de¬ 
grees  Fahrenheit 

.  IOOVt 

tnr,  OFF  (t  r,  off)  = — Qr, 

where 

Vr=flow  rate  of  tracer  gas  through  the  vented  heater 
measured  in  accordance  with  section  3.6  of  this 
Appendix,  in  cubic  feet  per  minute 
Cr= concentration  by  volume  of  tracer  gas  present  in 
the  flue  gas  sample  measured  in  accordance 
with  section  3.6  of  this  Appendix,  in  percent 
gr  =  1.325  Pa 
4G0+Tr,orr 

where 

Tr,orr  as  defined  above 

Pa  =barometric  pressure  measured  in  ac¬ 

cordance  with  section  3.6  of  this  Ap¬ 
pendix,  in  inches  of  mercury 


Qi. 


HHVa 


wtF.  ss( Tf,  sa)  =|^(fir.  f) 
where 

Rt.f  as  defined  in  4.1.2 

AIF  as  defined  in  4.1.16 

Qin  as  defined  in  4.1.,32 

HHVa  as  defined  in  4.1.16 

4.3.2  Optional  procedure  for  determination  of  off-cycle 
draft  factor  for  flue  gas  flow  (or  vented  home  heating 
equipment  employing  a  power  burner.  Calculate  the 
on-cycle  draft  factor  (or  flue  gas  flow,  Df,  defined  as: 

(or  systems  numbered  2,  4,  or  10:  Dr=(Dp) 

(or  system  number  12:  Dr=(Dr)  (D,), 

wborD  ^ 

Dr  as  defined  in  4.3.1 
J),  as  defined  in  4.2 

4.3.3  Optional  procedure  tor  determination  of  ofl-cycle 
draft  factor  for  stack  gas  flow  for  vented 'home  heating 
equipment  employing  a  power  burner.  Calculate  the 
off-cycle  d^t  f^tor  for  stack  gas  flow.  Da,  defined  as: 

for  system  number  2:  Da=‘Dr=0L6 
tor  system  number  4:  Da=Dp=.Vi 
(or  system  number  8:  Ds=  (Dr)  (D,) 
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whwe 

Df  u  defined  in  4.3.1 

D.  as  defined  in  4.2 

4.4  Additional  RequiremenU  for  Vented  Home  Healing 
Equipment  UtUUing  a  Direct  Vent  Sgetem.  For  vented 
heaters  utilitinR  a  direct  vent  system  or  intended  for 
outdoor  installation,  the  anproprUtte  8IF  bctor  and  Df 
factor  shall  be  determined  from  Table  2.  If  a  unit  is 
equipped  with  a  power  burner,  Df,  may  be  calculated 
usinK  the  value  of  Df  determined  in  section  4.3.1  of  this 
section. 

4Ji  Additional  Requirement*  for  Vented  Home  Heating 
Equipment  vohieh  Modulate  or  Vary  Fuel  Input  witKout 
Cbnthlling  Exeett  Oombuttion  Air.  A  vented  heater 
which  is  equipped  writh  a  mechanism  for  reducing  the 
rate  of  fuel  in]^  but  does  not  provide  a  means  for  con¬ 
trolling  excess  combustion  air,  shall  be  tested  at  its 
maximum  firing  rate  in  accordimce  with  test  procedures 
in  section  3.  These  test  results  shall  be  used  to  calculate 
a  seasonal  efficiency  and  an  annual  operating  cost  which 
is  based  upon  a  sirigle  fixed  fuel  input  rate. 

4.0  National  Average  Number  of  Burner  Operating 
Hour*.  Calculate  the  average  number  of  burner  operating 
hours,  BOH,  defined  as; 

BOH^  (A)  (2080)  (design  heating  requirement)— B, 
where 

2060=national  average  annual  heating  load  hours 
design  heating  requirement 


BOHa-^{A)  (HLH)  (design  heating  requirement)— B, 
where 

A  as  defined  in  4.0 

HLH  ^heating  load  horns  for 

a  specific  geographic 
region  determined  in  ac¬ 
cordance  with  the  heat¬ 
ing  load  hour  map  in 
FlgtueB 

Design  heating  requirement  =•  as  defined  in  4.0 

(2)(HLn)(A)(Qp)(r,,) 

100,000 

where 

100,000 =<  Factor  that  accounts  for  percent  and  EBTXJ. 
(2)  =ratio  of  average  length  of  heating  season  to 
heating  load  hours. 

HLH  =as  defined  above 

A  as  defined  in  4.0 

Qf  as  defined  in  4.1.32 

u  as  defined  in  4.1.32 

4.10  Average  Annual  Fuel  Energy  COruumption  for 
Vented  Home  Heating  Equipment  by  Oeographie  Region 
of  the  United  State*.  Calcuuite  the  average  aimual  fuel 
energy  consumption  by  geographic  region  of  the  United 
States,  Er.  a,  expressed  in  Btu’s  per  year,  and  defined  as: 


(0i,)(0.5) 

1000 


0.  S  =>approximate  value  for  the  ratio  of  steady  state 
emciency  to  100  times  the  average  heater  sizing 
foctor. 

1000= conversion  factor  to  convert  Btu’s  per  hour  to 
kilo-Btu’s  per  hour 

Qin  =as  defined  in  4.1.32 

100,000 

A  = 


(341,300)  (.PE+yBE)+(Qin-QF')n. 

B  =(0.0416)  (Qe)  4.)  (A) 

PE  =power  burner  electrical  energy  input  rate  at 
full-load  steady-state  operation  determined  in 
accordance  with  section  3.1  of  this  Appendix, 
in  kilowatts. 

BE  =  circulating-air  blower  (or  circulating  water  pump 
electrical  energy  input  rate  at  full-load  steady- 
state  operscUon  determined  in  accordance  with 
section  3.1  of  this  Appendix,  in  kilowatts 
V  =1.00  for  vented  heaters  employing  a  single  motor 
to  drive  a  power  burner  and  air  circulating  fan 
or  blower,  (l.e.,  the  ratio  of  average  blower  or 
pump  on-time  to  average  burner  on-time)  and 
1.38  for  all  other  vented  heaters. 

Qin  =bs  defined  in  4.1.32 
Qf  =  as  defined  in  4.1.32 
q.  =as  defined  in  4.1.32 
4.7  Average  Annual  Fuel  Energy  ConeumptUm  for 
Vented  Home  Heating  Equipment.  Osculate  the  average 
aimual  fuel  energy  consumption  for  vent^  heaters, 
Er,  expressed  in  Btu’s  per  year,  and  defined  as: 


Ep,  r=(Qin— Qj»)  (BOfl’ji)-f-(8760)  (Qp), 

where 

Qia  as  defined  in  4.1.32 

Qp  as  defined  in  4.1.32 

BOHa  as  defined  in  4.9 
8760  as  defined  in  4.1.33 

4.11  Average  Annual  Auxiliary  Eleetrieal  Energy 
Coneumption  for  Vented  Home  Heating  Equipment  in 
Different  Oeographie  Region*  the  United  State*.  Cal- 
cumte  the  average  annual  auxiliary  electrical  ener^ 
consumption  for  different  geographic  regions  of  the 
United  States,  Ea*.  u,  expressed  in  kilowatt-hours  per 
year  and  defined  as; 

Eax,  R=  (.PE-\-y  BE)  (BOHn), 


wtioro 

PE  as  defined  in  4.6 

BE  as  defined  in  4.6 

Y  as  defined  in  4.6 

BOHa  as  defined  in  4.9 


4.12.  Minimum  Standardized  Deeign  Heating  Require¬ 
ment.  Calculate  the  minimum  standardize  design 
heating  requirement,  DHRmw,  expressed  in  Btu’s 
per-hour  for  which  a  regional  armual  operating  cost  could 
be  computed,  defined  as: 


Z)Hi?MIN  = 


(’Iti)  (Qin) 

200 


4.15  Average  Number  of  Burner  Operating  Hour*  by 
Oeographie  Region  of  the  United  State*  for  the  Maximum 
Standardized  Deeign  Heating  Requirement.  Calculate 
the  average  number  of  burner  operating  hours  by  geo¬ 
graphic  region  of  the  United  States  for  the  maximum 
standardize  design  tieating  requirement,  BOHa-nex. 
defined  as: 

BOHR.uax^A(HLH)  (DHRmkx)~B, 
where 

A  as  defined  in  4.6 

HLH  as  d^ned  in  4.9 

BHRmax  as  defined  in  4.13 
-B  as  defined  in  4.9 

4.16  Average  Annual  Fuel  Energy  Coneumption  for 
Vented  Home  Heating  Equipment  by  Oeographie  Region 
of  the  United  State*  for  the  Minimum  Standardized  Deeign 
Heating  Reqirement.  Calculate  the  average  annual  fuel 
energy  consumption  by  geographic  region  of  the  United 
States  for  the  minimum  standardized  design  heating 
requirement.  Fa,  a- min  expmsed  in  Btu’s  per  year 
and  defined  as: 

Eg,  B-MIN=(Qin— Qp)  (BOHK-Mirt) 

^  +(8760)  (Qp), 

where 

Q<.  as  defined  in  4.1.32 

Qf  as  defined  in  4.1.32 

BOffs-MiN  as  defined  in  4.14 
8760  as  defined  in  4.1.33 

4.17  Average  Annual  Fuel  Energy  Coneumption  for 
Vented  Home  Heating  Equipment  by  Oeographie  Region 
of  the  United  State*  for  the  Maximum  Standardized  Deeign 
Heating  Requirement.  Calculate  the  avergae  annual  fuel 
energy  consumption  by  geographic  region  of  the  United 
States  for  the  maximum  design  heating  requirement, 
Er,  a-MAX  expressed  in  Btu’s  per  year  and  defined  as: 

Er.  R-MAX=  (Qin— Qp)  (BOHr-max) 

+  (8760)  (Qp), 

where 

(hN  as  defined  in  4.1.32 

Qr  as  defined  in  4.1.32 

BOHa-MAX  as  defined  in  4.15 
8760  as  defined  in  4.1.33 

4.18  Average  Annual  Auxiliary  Eleetrieal  Eturgy  Con¬ 
eumption  for  Vent  Home  Heating  Equipment  by  Oeographie 
Region  of  the  Minimum  Standardized  Deeign  Heating 
Requirement.  Calculate  the  average  annual  auxiliary 
ele^cal  energy  consumption  by  geographic  region  of  the 
United  States  for  the  minimum  standardized  design 
heating  requirement,  Bas.s-min,  expressed  in  kilowatt- 
hours  per  year  and  defined  as: 


^p=(Q-Q/Arp)(BO£7)  +  (8760)(Qp),  . 
where 

Qin  as  defined  in  4.1.32 
Qf  as  defined  in  4.1.32 
BOH  as  defined  in  4.6 
8706  as  defined  in  4.1.33 

4.8  Average  Annual  Auxiliary  Eleetrieal  Energy  Con- 
*ufi»p<ion/or  Vented  Home  Heating  Equipment.  Circulate 
the  average  annual  auxiliary  electric^  energy  consump¬ 
tion,  Eea,  expressed  in  Uowatt-hours  per  year  and 
defined  as: 


EAa°(PE+y  BE)  {BOH) 

whciTB 

PE  as  defined  in  4.6 
BE  as  defined  in  4.6 
y  as  defined  in  4.6 
BOH  as  defined  in  4.6 


4.13  Maximum  Standardized  Deeign  Heating  Require¬ 
ment.  Calculate  the  maximum  standardize  design 
heating  requirement,  DHRuax,  expressed  in  Btu’s 
per-hour,  for  which  a  regional  armiial  operating  cost 
could  be  computed,  define  as: 


DHRtAhx  = 


(q«i)  (Qin) 

110 


4.14  Average  Number  of  Burner  Operating  Hour*  by 
Oeographie  Region  of  the  United  State*  for  the  Minimum 
Standardized  Deeign  Heating  Reqirement.  Calculate 
the  average  number  of  burner  operating  hours  by  geo¬ 
graphic  r^on  of  the  Unite  States  for  the  minimum 
standardize  design  heating  requirement,  BOHa-uitt, 
defined  as: 


BOH  B-M1N  =  A{HLH){DHRmw)-B 


4.9  Averye  Number  of  Burner  Operating  Hour*  in 
Different  Oeographie  Region*  of  the  United  State*. 
Cdculate  the  average  number  of  burner  operating  hours 
by  geographic  region  of  the  United  States,  BOHa, 
defined  as: 


where 

A  as  defined  in  4.6. 

HLH  as  define  in  4.9 

DHRms  as  define  in  4.12 
B  as  denfle  in  4.9 


Eam,  R-uis=(PE-\-yBE)  (BOHr-uih), 


where 

PE 

as  define  in  4.6 

Y 

as  define  in  4.6 

BE 

as  define  in  4.6 

BOHa- 

MIN  as  define  in  4.9 

4.19  Average  Annual  Auxiliary  EUetrieol  Energy  Con¬ 
eumption  for  Vented  Home  Heating  Equipment  by  Oeo¬ 
graphie  Region  of  the  United  State*  for  the  Maximum 
Standardized  Deeign  Heating  Requirement.  Calculate  the 
average  annual  auxiliary  electrical  energy  consump 
tion  by  geographic  region  of  the  Unite  States  for  the 
maxifniiTn  standardize  design  heating  requirement, 
EAa.a-MAX“{PE-^y  BE)  {BOHa- max), 
where  ' 

PE  as  defined  in  4.6 

y  as  defined  in  4.6 

BE  as  defined  in  4.6 

aoa  q-M  AX  as  defined  in  4.16 
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Tabus  1. — Factors  describing  air  flow  rate  for  gas  and  oil-fueled  vented  home  heating  equipment  utilizing  indoor  air  for  oombusion 

and  draft  control 


Units  without  a  stack  damper  but  with 

Units  with  a  stack  damper  and 

Type  of  Burner 

Integral  draft  diverter 

Barometric  draft  regulator 

Integral  draft  diverter 

Barometric  draft  regulator 

System  S/F 
No. 

Dr  Da 

System  S/F 

No. 

Dr  Da 

System 

No. 

S/F  Dr 

Da 

System 

No. 

S/F  Dr 

Da 

1.0  1.0 

1.0  1.0 

5 

Z4 . 

D, 

7 

1.4 . 

.  D. 

Power _ ^ . 

.3  .85 

.30  .70 

6 

2.4 . 

D. 

8 

1.4 . 

.  0.30  X 

Note.— The  above  lactois  were  developed  by  the  National  Bureau  of  Standards  and  are  based  upon  information  in  the  public  literature,  laboratory  and  computer  simulation 
studies  conducted  at  NBS,  and  laboratoiV  and  field  data  obtained  by  several  research  firms  under  contract  to  NBS  and  FEA. 


Table  2.- 


-Faetors  describing  air  flotc  rates  for  Gas  or  oil-fueled  vented  floor  furnaces 
or  home  heating  equipment  with  a  direct  vent  system 


Units  without  a 


Outdoor  units  with 
a  flue  damper  or 


Table  3. — Values  of  higher  heating  value 
{HHV  ),  Stoichiometric  air/fuel  ratio 
(A/F),  and  latent  heat  loss  (L  ,  )  for 
typical  fuels 


Type  of  burner 


stack  or  flue  damper  indoor  units  with  a 
stack  damper 


Type  of  draft 


S/F 


System 

No. 


Dr 


System 

No. 


Dr 


Fuels 


HHVk 

(British 

thermal 


AIF(..) 


Vaporizing. 
Power . 


9  LOO  11  D,  None . . .  1 

10  .30  12  0.30rJ9,  Barometric  draft  regulator... .  1.4 

Integral  draft  diverter . . . .  ' 2.4 


Note. — ^The  above  factors  were  developed  by  the  National  Bureau  of  Standards  and  are  based  upon  Information 
in  the  public  literature,  labo»tc»y  and  computer  simulation  studies  conducted  at  NBS,  and  laboratory  and  field 
data  obtained  by  sever^  research  firms  under  contract  to  NBS  and  FEA. 


unit  per 
pound) 

(percent) 

No.  1  oil . 

19,800 

14.58 

6  55 

No.  2  oil . 

19,500 

14.51 

6.50 

Natural  gas . 

21,800 

16.04 

9.M 

Manufactured  gas... 

18,500 

11.83 

la  16 

Propane . 

21,500 

15.60 

8.00 

Butane . 

20.890 

15.38 

7.30 
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